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̐ 1 ̌ ƾΝ 
1.1 xSłHЎϳС;ĆϓǻȟϐĘ 
1.1.1 ȖЦͳĘ;ŦɓϐĘ;̢6&4;ĆϓǻȟϐĘ 
 ƓΠʻ9ĖɞœSË=&, ͻά(lĆϓǻȟϐĘ (reaching and grasping movement) <Ę
ʻ;Ȋ2Ŧɓ˜8ϐĘx5l (Woodworth, 1989)";ģ̡8ĘÒ9<, ŲϜ
̇϶9lɷ˜ʻ;Í͂S, ˧ˆ£;̲͞ªǜǁɷ£9ĳǗ&, ,mSϐĘǁɷ̟9űȞ(
l"65, Ƕ͜SˢɷB˿Ę$*l ϊ;üˇ¼Ş&4l (Andersen et al., 1993; 
Batista et al., 1999; Graziano, & Gross, 1998; Rizzolatti, & Luppino, 2001; Snyder, 2000)(8o
0, ĆϓǻȟϐĘ;Ǩ΂ϐĘćǘ6<, Ǩ΂œS¼&4ĳǗ$mlǁɷ̇϶S, αÐĖɞ
œ;ǁɷB6Ș̰(lǁɷűȞ;ϑ́9¾8M8 
 x (Homo sapiens) ;̸̝8ĆϓǻȟϐĘ, ɹ£ˉʒ9LlǶ;όĜ6, µάʀͳ;
όĜ6ƑȘ9Ϸϊ&4l"6<, Charles Darwin (1871) ĂI4­Ǉ&4Ãɘ, ˠT9Ν
'Mm4.ʀͳ;ˋφM΅Ȫ$m.x;Ƕ<, Ƕ͜Ъɨǋǩ9ŵ8űĜSJ.
M&.ʼ9, Ϸ̙;ķĘťƼ8N, LNɣγ9αÐμã;̇϶SȥÒ(l"6ķ͕
981. (Corruccini, & Ciochon, 1976),;L8Ϸ̙ņN;ɣγǡ<, Ĝ˯ºС5l 
Homo erectus ;ʆЀ5Ȼ9όĜ&4..I, 150 ¡Ƹċ9<äo14."6ăɁ&4
l (Roach et al., 2013; Ward et al., 2014)Ƕ;ǋǩJ, ʀͳMʻÐSȚHǻȟ;ˋφ
6&4, ­.lɺ͕¸Á&, ǋǩƇ˜9űĜ&4. (Napier, 1961; 1967)xÃŲ;Ў
ϳС<, ȋSȟNλG, şБ9ȋϷ̙;ŲâS2 l"65ŕάʀͳSͳztbY\
b9ͿMmlL9, Ɗñ8µάʀͳSȊ.8ċ͍Sŕάʀͳ9ˋl.I9<, ͏
е͜;Ϸ̙Иá5lǝ;l,;Áé6&4, xÃŲ;ЎϳС<, Ϸ̙ķĘť
ˀ, ̩ɞ6&4, Ƕ͜ȥÒ;ɣγǡ9ɻ l (Reynolds, 1985; Schmitt, 2003)./&, ŕά
ʀͳ;ЎϳС5J, ŕ͍9lΡͧ<, ǔ͍6ʉζ&4ċ͍;ȸƙ$, ċ͍B;Ρȃ
Ǖ9ʝlϑ́5, Ƕ͜;ɣγǡόĜ&4.;/6͈Mm4l (Reynolds, 
1985)ƌЩƍö;˰̆94J, Christel and Billard (2002) , x6^bi 
(Macaca mulatta) ;ĆϓǻȟϐĘ;ϐĘƇ˜ǡΨSʉζ&, ^bi;ϐĘβϒ, 
xLNJΗƮŵ, ,m<͏;Ϸ̙ķĘťMˉ'lǋǩƇ˜ć̠5l"6S˵&
4l 
 xSłHЎϳС;ǻȟϐĘS͈l£5, Ϳς("6;58J 1 2;ʱ<, Ƕ6
Ėɞœ;̢ɕ˜ǡΨ5lxSŽI, ų;ЎϳС<ǻȟ;Є, ʹ5<8, ɣM
ȋSˋl (Cartmill, 1974; Hamrick, 1998)ųϷ̙ǡ;ɣMȋ6ʼǛ<, ʻÐ
 2 
;ǻȟ94ą˟l8+8M, ªɡM;Γ̥8ϐĘȋÂ86J, ǻȟƓΠ;
ǋʾ9Ľo*4ěGλHL9, Ƕ;ư͂ġ=͟Ę˜9Ƌc14.I5l (Pfeifer, 
& Bongard, 2006; Pfeifer et al., 2006; 2007; 2014)";´ƌ<, ɓɘªɡ5Έ̗(Cǚ̥8
ϐĘćǘS, ȁʘ;Ėɞœǋǩ6,;ɣM̢ɕʼǡ9ž:4l;9̒&, ǋǩƇ
˜Έ̗ (morphological computation)6ň=ml (Hauser et al., 2011; Pfeifer, & Bongard, 
2006)ǋǩƇ˜Έ̗;΃ʱM, ƌЄ9x;ǻȟϐĘ, į@qf (Octopoda) ;͜ϐĘS
ø˅(lƫƇ˜ƌЩͳom4N, ɣγ8̢ɕʼǡ9LN, ƚ8Έ̗℃ʣMĖ˄˜9
ϐĘSƌͳ5l"6˵$m4l (Nakajima et al., 2015) 
 
1.1.2 ĆϓǻȟϐĘ9 l΁΂ǡϐĘćǘ 
 xSłHЎϳС;ĆϓǻȟϐĘ<, ΁΂9ÖƄ&4l (Caminiti et al.,1998; Elliott et 
al.m 1988; Sarlegna, & Sainburg, 2009)1x;ĆϓǻȟϐĘS͈l£5, x;­.l
Ėɞœ5lǶ, ­8Ǩ΂œ5l˧6, ΅ČƇ˜9ʿ̋&4ϟ͂$m4l;
9<ŵ8ąʱl8+8M, ϐĘ$*lCǶ͜S, ЛϜ9l˧9L14ƉƋ&
.΁΂ǁɷª9Ȓ.ʾǩ5, ƓΠʻ;ŲϜǁɷ9Ŀ14, Ǩ΂ǁɷ̟MϐĘǁɷ̟B
;űȞSͳ"65lM5l´ƌ, ЎϳС;΁΂˞Ψ<, Ō±С;όĜ;ϑ́5
͎ŵĜ&, ɵωJͽЈĜ&41."6ȋȢ$m4l (Rosa, & Krubitzer, 1999) 
 x;΁΂Ǥŧüˇ9êm4l6<, ,;üˇ℃ʣ<ɍϻ5lx;
΁΂ǡϐĘćǘ;˰̆5<, ϐĘ̇϶ǁɷª;8lǤŧSąˋ&4l;ˠT9
ŏom4.x<, ΁΂;G8M), ŜɍǨ΂œ (proprioception) 9LN, Ėɞœ;ǁɷ
SυɼĳǗ(l"65l (Graziano, 1999; Proske, 2005),;.I, ɿ˳8ϐĘSƌ˅
(l.I9<, ŜɍǨ΂5ĖɞœǁɷSĳǗ(m=ğþ5N, ΁΂<J1>MĆϓǻȟ
ϐĘ;ƓΠ;ƋÍ9ˋMm4l6­Ǉl (Blouin et al.,1995; Elliott, 1988; 
Sarlegna, & Mutha, 2015; Sarlegna et al., 2003; Vercher et al., 1994),;ɧȆ981.˰̆6
&4, Sarlegna et al. (2003) 9Ll, Ƕë;΁΂Ǥŧ6ĆϓƓΠ;΁΂Ǥŧ;ˤƓ˜8Ɛ¦9
24;, ʉζƌЩlSarlegna M<, Ƕë;΁΂ǤŧSϗȶ&4JĆϓϐĘ;ϐĘΗ
Ʈ9<ǎД&81., ĆϓƓΠ;΁΂ǤŧSϐĘϵŽǔ9ϗȶ(l6, ϐĘΗƮŮŵ
(l"6S˵&. ȸ5, Ƕë;΁΂ǤŧϐĘ;ɿ˳ǡ9Ɛ¦(l6, ıƓ;̩ɞ
                                     
1 x;ϐĘćǘ;˰̆Йť5<, ȋSƓΠ9ȋ&˵(ȋ˵ϐĘ (pointing movement) 6ΖS, Ć
ϓϐĘ6<ĝĄ&4ˋl, ɓ˰̆5<¨͉SĝĄ*)6JΝȽ<űoM8.I, ċ͍SƓΠ
ʻ9Ŀ14˿Ę$*lϐĘSc6I4ĆϓϐĘ6ňA 
 3 
SŧŅ&.˰̆JN, ϐĘª9ĭʵ$ml΁΂Ǥŧ<Ñ6ŏН<, c/ΟΝ
l (Bard et al.,1985; Carlton, 1981; Proteau et al., 2000; Spijkers, & Spellerberg, 1995)΁΂Ǥŧ
SȥÒ&.ƌЩÃŲ9J, ŜɍǨ΂ĴƏœ9ЅƎ14J, Ƕ;ĖɞœǁɷS΁΂˜9Ȑ
8MϐĘSώͳ(l"65, áƵ͉6ľ'̝ǀ;ϐĘSƌ˅(l"65l6
ŧŅJl (Sarlegna et al., 2006)ǖ14, x5<ϐĘª9ąˋ$ml΁΂Ǥŧ<ŜƋ˜
5<8, ϐĘ;̂СKćǘɶǄ9L14, ɣγ9űĜ(l;J&m8 
 x;ĆϓǻȟϐĘ;΁΂ǡϐĘćǘ9Ϸ&4, ɰΏ$m4.J 1 2;ŏН<, ΁
΂ǤŧϐĘ;7;Ʉʱc5ąˋ$m4l;6ŏН5lĆϓƓΠSʑ΁&, 
,;΁΂ǁɷMϐĘβϒKϐĘψǀSΈ̗(lϑ́<, ϐĘ;{c (motor 
plannning) 6ň=mlɓΝȳ5<, ϐĘ;{cǔ, ϐĘϵŽMƊ²c5βϒÝ
ɿSͳo8ćǘɶǄSty\yϐĘćǘ (feedforward motor control) 6ňA
 ȸ, {c&.ϐĘSϐĘª9υɼÝɿ&8MƓΠ9Ćϓ(lćǘɶǄ;"6
<, ]XϐĘćǘ (on-line motor control) 6ňA 
 x;ĆϓϐĘ9<, ty\yϐĘćǘ, į@]X;ϐĘćǘ¨ȸä
o14l (Johnson et al., 1996; Kalaska et al., 1997; Pouget, & Snyder, 2000; Wise et al., 
1997)]XϐĘćǘ<, Ǡ8Ų°9Ɠü(lŨĽ9, ʼ9ˋMmlćǘɶǄ5
l (Diedrichsen, 2007; 2010; Sarlegna et al., 2004; Scott et al., 2015)./&, ]XϐĘ
ćǘɺ͕(lɄ϶ƶ9<ćϻN, x;ŨĽ, ϐĘώͳª9ϐĘ;Ýɿķ͕8Ʉ϶
ƶ<, ̠ 100-150 ms 5l6͈Mm4l (Dimitriou et al., 2013; Franklin, & Wolpert, 
2008; Reichenbach et al., 2014)";L8]X;ϐĘÝɿ<, ǝ)&JЁǧ˜9ͳ
omlo 5<8.I, ϐĘ]XϐĘćǘ¤5lŁ<, ЁǧϐĘ/АЁǧ
ϐĘ;ĝĄ6<, ǝ)&J ͡&8"69<ʑǧǝ;5l (Goodale et al., 1986; 
Serrin, & Spape, 2011)Õ=, Serrin and Spape (2011) 9LlƌЩlSerrin and Spape 
<, ˎБ£9r9ĘˆÐSπή(lΚНSˋ.";ƌЩ5<, ĭĒ͉<ˎБ£
5ȥÒ(l÷S, ˣȘǶëSͿ8L9&.ʾǩ;qtx9L14ćǘ&
.ƌЩª9, ȥÒ÷;˿ĘȸĿ9Ɠ&, 0°, 20°, 60° ;ŖδS .6"n, 20° ɗÅ5<, 
ĭĒ͉<ȥÒ÷9Ŗδ Mm4."6SΔΞ&481.,m9JϷoM), 
ϐĘ;ÝɿSĭĒ͉<ͳ14N, ɿ˳8πήϐĘ˳Δ$m. 
 ˿Ę(lƓΠʻB;ĆϓϐĘ;΁΂ǡϐĘćǘ<, manual interception 6ň=mlΚН5
JɰΉ$m4l (Dubrowski et al., 2000; La Scaleia et al., 2015; Lee et al., 1997; Port et al., 
1997)˿Ę(lƓΠʻ9ty\yϐĘćǘ9Ŧ34Ćϓ(l9<, ϐĘ;
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{c;Ʉʱ5ƓΠʻ;όͳȸĿS, ³ʠ(lǝ;l (Mrotek, & Soechting, 2007; 
Soechting, & Flanders, 2008)";L8, Ųˏ;˅ΠSö˜9jj&, ɑɘ;
Í͂ϷÙS³ʠ(l^{m<, öϜw (internal model) 6ň=ml (Zago et al., 
2009)2ƓΠʻ;όͳȸĿ;³ʠ9<, ƓΠʻ;Ŀȸ΄ (Mrotek et al., 2004), βϒ;Ɉ
˄ (Soechting, & Flanders, 2008), ψǀ (Mrotek, & Soechting, 2007) ˋMm4l ȸ, Ē
ψǀ<ˋMm48 (Brouwer et al., 2002) 87, ³ʠ;.I;ǶNϘȀ˜9ĳǗ
$m4lxÃŲ5<, ƓΠʻ;όͳȸĿ;öϜwɵ̛, x (Plathemis 
lydia) ;ȑУͳĘ5JˋMm4l"6ăɁ&4l (Mischiati et al., 2015; Lin, & 
Leonardo, 2017)Ō±С5<, fYȿͱ;πήȑУϐĘ94, Ɨɘ;Í͂S³ʠ
&8MƓΠSπή(l"6ŧŅ$m4l (Fujioka et al., 2016) 
 ]XϐĘćǘ9Ŧ3ƓΠʻ;ȑȐ^{m9<, ƓΠʻ;Ę9Ľo*͟α
;ϐĘSυɼÝɿ&4^{mÃŲ9,  Ƌͤίʐ (constant bearing) 6^{
mȝɪ$m4l (Nahin, 2012) Ƌͤίʐ<, ͟α;όͳȸĿbx6ƓΠʻ;
όͳȸĿbx;8(΄ǀS Ƌ9(l"65, ƓΠSπƜ(lȸʐ5l";ȸʐ
<, ȑȐƓΠʻS, ȑȐ͉;̲͞ǁɷ£; Ƌ;Í͂9Û4$(m=πƜķ͕8.I, 
ƓΠʻ;˿ĘȸĿ;³ʠSǝ;6&8Ē4, ";πήȸĿ<ȑȐ(lâ9ɍą8ʱ
l͸ȑУ͉;΁ʱM(l6, Ƶ9 Ƌ΄ǀMȑȐ͉ξ14l.I, ȑȐ͉;
Ęɰˬ&3M, ^k;ǏˢJɞ.&4l (Justh, & Krishnaprasad, 2006; 
Reddy et al., 2006)Kane et al. (2015) <, q^ (Accipiter gentilis) ȑУSͳЄ9,  Ƌͤί
ʐSąˋ&4l"6SŧŅ&.ǐM<, q^;ЛϜ9^SĳN¿ , Тͳª;]
vt^M̲͞èSșƋ&.̩ɞ, ɷ˜5lYha<, ̮)ςϚͳĘS̰ 
4.9JϷoM), ȑУǯđɄ;q^;șƋ̲͞ǁɷ£5<, ȑУƓΠƵ9 Ƌ;Í͂
9Û.m4."6ăɁ&.q^;ȑУͳĘÃŲ9J, fY;ȑУ (Ghose et al., 
2006; Ghose et al., 2009), ~[;ȑУ (Fabian et al., 2018), x;ʀͳπήϐĘ (Fajen, & 
Warren, 2004) 94J,  ƋͤίʐˋMm4l6ŧŅl./&, χƵ;
]XϐĘćǘ,  Ƌͤίʐ, öϜw9LlƓΠʻ;˿ĘȸĿ;³ʠ<, )mJ
¶9Ȕ¾˜8^{m5<8.I, ƓΠʻ;ϐĘ9Ǟ'.^{m;ϘȀK, ͽȰ
;^{m;Óˋ;ķ͕ǡ͈MmlÕ=, x< Ƌͤίʐ6öϜw6
                                     
2 ϐĘćǘ;Έ̗Νw94<öϜw6Ζ<ϐĘðĐ;ƴ̩S³ʠ(lЗ
wforward model	6ϐĘ;ƴ̩Mɋϖ8ðĐSșʠ(lσwinverse model	;
̳˾6&4ˋMml"6ų&&Зwį@σw;ƧĄK,;ɺ͕SΛC
l"6<ɓΝȳ;Ɩ́MŲml.I,;ʱ9Ϸ&4<ΟΝ&8 
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Óˋ&4lķ͕ǡl (Combes et al., 2012; Olberg, 2012)ͽȰ;πή^{m;ʉ
ζSͳ1.˰̆<ƚ8, Fabian et al. (2018) <ɷ˜;Í͂9Ǟ'4πǖ(lģ̡8]
XϐĘćǘ (ģ̡πή; pure persuit) 6,  Ƌͤίʐ;ʉζɰΉSͳ1.¨πή^{
m924wʉζ΅ɜͳom.̩ɞ,  ƋͤίʐȖȀ$m.ɓΝȳ5J, ˰̆ 
2 94, ^l;˿Ęɷ˜B;ĆϓϐĘSþɜ(l"6Sχ'4, ЭС;ϐĘćǘɶǄ92
4ɰΉ(l 
 
1.1.3 ĆϓǻȟϐĘ;˹̨^{m 
 ĆϓǻȟϐĘ9<, αÐμã;̇϶S΁΂, į@ÐǡǨ΂5̏ĺĜ(lųǨ΂Ǥŧüˇ
Ϸ¦&4lċϜЛЕ϶ʥ (anteiror intraparietal sulcus; AIP) 9<, Ƕ;ǻȟǋʾS̏ĺ
Ĝ&.{ƄŞ(l (Murata et al., 2000; Sakata et al., 1995)öâЛЕ϶ʥ (medial 
intraparietal sulcus; MIP) 9<, ĆϓϐĘ;ȸÍS̏ĺĜ&.{Ϳ214l 
(Andersen, & Buneo, 2002)"mM;Йť<΁΂6ÐǡǨ΂¨ȸ;ðĐƄŞ(l (Seltzer, 
& Pandya, 1980)AIP, MIP <,m-mċϐĘϦ (premotor cortex) ;͝âϜ, į@͒âϜ9Ϙ
Ȁ˜9ǽƖ$m, ĆϓϐĘ6ǻȟϐĘ;Ǩ΂ϐĘűȞ9Ϸ¦&4l (Cisek, & Kalaska, 
2005; Davare et al. 2011; Murata et al., 1997; Raos et al., 2006; Rizzolatti, & Luppino, 2001).
/&,  Ϝ;ĆϓϐĘϷϊ{<Ƕ;ǋʾ9Ǟ'4Ǟ̕ǡűĜ(l"6, ©@9, 
͒âċϐĘϦ9JǻȟϐĘϷϊ{Ϳ21."6M, ĆϓϐĘ6ǻȟϐĘ<, 
ʿ̋&.̨ίSǋǯ&22J, ¶9ˤ¶Òˋ&4l"6˵ō$m4l (Davare et 
al., 2011)ċϐĘϦ< ɼϐĘϦ (primary motor cortex; M1) 9ǽƖ&4N,  ɼϐĘϦ
­8ϐĘýĐSͳ ɼϐĘϦ;Ƞå<, õŤ˜9<ϐĘ;ψǀ, į@ɿ˳ǡ;¤ͨK, 
̓Đ;Î¤61.ϐĘЅƎSǅΪ"("6ˬMm4l (Hoffman, & Strick, 1995; 
Savidan et al., 2017)  
  ɼϐĘϦ<,  ɼÐǡǨ΂Ϧ (primary somatosensory cortex; S1) MÐǡǨ΂;ðĐJ
Ĵ 4l (Pavlides et al., 1993)S1 M;ǤŧðĐ<, Ǩ΂tytbSąˋ&.ϐ
ĘƇ͇9ǝ;5l"6, аʁСSˋ.ĐŨЗǞΚН, į@ĆϓϐĘΚНMăɁ&4
l (Faraji et al., 2013; Mathis et al., 2017)ϐĘƇ͇;ˉΪ^{m6&4, S1 B;̯̰
˜8ЍʋĈʭ<, M1 94ϳɏŮǈ (long term potentiation; LTP) SǅΪ"("6ŧ
Ņ$m4l (Keller et al. 1990; Sakamoto et al., 1987)LTP 6<, jzl̩Ľ;l 2 2
;˹̨̥͓ľɄ˚ʯŚNν("65, ÜĺÉϓĖ˄űĜ(l˅Π5l (Cooke, 
2006)S1–M1 Ŗί9ͿMml LTP <, ˹̨̥͓϶;jzlÉϓǈǀ;£ɀSǅΪ"
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(.I, ϐĘƇ͇;öƏ;ÛȊ9Ϸϊ(l˹̨ķũǡSȃ14l6͈Mm4l (Iriki 
et al., 1989)  
 ";L8˹̨ķũǡ;þƁ^{m6&4, ͚ˍɘ˹̨ɥХŗƁ (brain-derived 
neurotrophic factor; BDNF), į@,;ĴƏÐ5l trkB ;Ϸ¦˵$m4l (Fritsch et al., 
2010; Klintsova et al., 2004)BDNF <ɹʾ̈Ϊ;þƤK, jzl;ǋǯ61.˹̨;ķ
ũǡ9Ϸ¦&4lʙǡqbΨ6&4ˬMm4l (Poo, 2001),;^{m6&
4, BDNF ̯̰˜8˹̨ʒĘ9ňǞ&4, ЍÍűĜˉ'.ɹʾ̈ΪlX (dendric 
spine) öϻƝ˜9, ͟Ǔ˜9ϳɄ϶ˊˉ$m̰ l"6ŧŅ$m4l (Harward et al., 
2016)ˊˉ$m. BDNF  trkB ĴƏÐ̩@26, ǼćǡÉϓʻΨ5l GABA ;ĴƏ
Ð5l GABAA ĴƏÐ;ɺ͕SϹƎ&, ̩ɞ˜9 LTP SÚό(l (Tanaka et al., 1997)
BDNF <, ΋ǭΚНɄ9ʖШ5ˊˉ$ml"6ŧŅ$m4l (Hall et al., 2000)Korte et 
al. (1996) <Yl5 BDNF ϙÉƁSɻȠ$*l6, ʖШ CA1 Йť5; LTP ǆĜ$ml
"6S˵&.ǐM;˰̆5<, Ytlbq9LN BDNF ϙÉƁSøƘð(l6 
LTP χƵ;9ŖǙ(l"6M, BDNF  LTP ;ý˅9ϥ;8ǏďSȊ26̩Ν
3 Mm4l 
 M1 MǶ;ȁʘϐĘ{B;Ș̰9<, ϐĘϦM͗Ы9ˣȘǽƖSͳ˞Ψ͗
Ыί (corticospinal tract), ©@9ŵ͚Ŧƿɦ–͚ƹɦS̨ˍ(lϯÐŲί (extrapyramidal tract) 
6 2 2;̨ίƄŞ(lόĜ˜9<, x<¾;Ō±С6ʉζ&4, ˤƓ˜9˞Ψ͗
ЫίĥIlďĽЬ (Welniarz et al., 2017)˞Ψ͗Ыί9<, $M9͒âί6͝âί; 
2 2̨ίlʼ9͝âί<, ЎϳС;G9ƄŞ(l̨ί5N, ƭG8ϐĘ9Ϸ¦&
4l6͈Mm4. (Lemon, 2008)&&, μƸ, ˚ϓĂɏʆЀ5<, Yl9J͝â
̨ίǋǯ$m4l, ˚ϓ9Êʘŷ(l"6ɁM9814l (Gu et al., 
2017)(8o0, ͝âί<ЎϳС94όĜ&.̨ί5<8, ƚ86JŌ±С;ό
Ĝ94ÛƄ$m.̨ί5lķ͕ǡЬxÃŲ5<˚ϓĂɏʆЀ5͝âίʘ
ŷ(l, x5<,;ʘŷ^{m˚ˉʆЀ5Ǽć$ml"69LN, ";̨ίÛ
.ml (Gu et al., 2017) 
 
1.1.4 ȖЦͳĘ;ʼʃ´Õ6&4;ϒôÔˋ 
 ϒôÔˋ9LlȖЦ<, ƓΠʻ9Ćϓ(l;9Є&4, ͟α;Ėɞœ5<8, Ų˜8ʻ
ÐSˋlʼʃ8ȖЦͳĘ5lϒôÔˋ<, 24<xSxάM&Ilʼ˔8
ͳĘ6&4ΔΞ$m4., ˅Ş<ȿͱMЎϳСc5ƶƼ̂5ͿMmlȖЦͳĘ
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6&4ˇ΅$m4l (Oakley et al., 1949; Shumaker et al., 2011)&&, Ęʻ;ϒôÔˋ
<, ,;Ʊƚ$MĘʻ˰͉̆;͢ŇSƵ9Ǧ4. (Hunt et al., 2013)ϒôÔˋ;Ƌ̈́
9<, "mc5ų;ȝɪ1. (Alcock, 1972; Amant, & Horton, 2008; Beck, 1980; 
Goodall, 1970)ʉζ˜ɋμ;Ƌ̈́6&4<,͟ˍ9ȥÒķ͕8Ų˜ʻÐ (ϒô) ;ćǘS
ƌͳ(l"65, (1) ¾;ʻÐ, ʻΨ, ͷБKƀΨ (ɷ˜6&4;ϒôÔˋ͉K¾;ˉʻ) ;ʻ
ˇ˜ơǡS, Ę˜, ɺɬ˜8ˤ¶Òˋ9L14, űƏ$*l"6 (2) ϒôÔˋ͉6ˈŭ, l
<ˈŭ6¾;ˉʻ6;϶;, Ǥŧ;ʓmSƀ¼(l"6 (Amant, & Horton, 2008)ȝɪ
$m4l";͟ˍ9ȥÒķ͕8Ų˜ʻÐ6<, αÐ9¿˨&48ʾǩSȋ(
2cN, ̈́Ƕ̈́ά<";Ƌ̈́5<ϒô9<łcm8ɓΝȳ9 lϒôÔˋ;Ƌ̈́
<, Amant and Horton (2008) 9ʤ)l"66(l  
 ϒôÔˋ<x;Ǻʹ˚Ơ, ȳĜόĜ6JƑȘ9Ϸo14lϒôÔˋ<, sk
 (Pan troglodytes) SŽI, ŵŤСº˂94ʉζ˜ųͿMml.I, x;όĜ9
4˃Ǘ$m.ͳĘǋΨ6LNJ, óχ˸íMóɍ$m4.ǋΨ5l6͈M
ml (Ambrose, 2001; Matsuzawa, 2008)Homo ơ6&4;x;ϒôÔˋ<, ƚ86J 
250 ¡ƸċMŽc14."6, [s]V5˚ȕ$m.˯œMăɁ&4l (De 
Heinzelin et al., 1999; Semaw, 2000)";˯œ< homo habilis ˋ4N, ]y˯œ
6ň=ml]y˯œ<, ¾;ŵŤСº˂;ϒô6ŵ<űoM), xϒôÔˋ
;Ǻʹ˜Вȷ6<G8$m48 (Wynn, 1991)˯œ;ǺʹВȷ6&4&=&=ȍ!M
ml;<, 150 ¡ƸD7ċ9ý˅&. homo erectus ;VjV˯œ5lVj
V˯œ<, ]y˯œ6ʉCl6, ǋʾ9ƬĹƓ˾ǡK, hXm;ɷʤĜͿMm
l (Ambrose, 2001)"mM;ϒô;˚Ơ9ÊĖ˄˜ȖЦ<, ͎ŵĜ&.x;͚;̱Ȋ
SĔ 4.6͈Mml´ƌ, ЎϳС5<, ϒôÔˋK˶È˜Ƈ͇͕Đ6͚Ð̄;϶5
ɿ;ˤϷŧŅ$m4l (Reader, & Laland, 2002)./&, ϒô;̝ƭ$< 150 ¡Ƹ 
4̶Ǫ9űĜ&41."6SϲGl6, ϒôÔˋ͚;͎ŵĜSÚό&.6LN<, 
͚;͎ŵĜ;̩ɞ, ϒô;̸̝ĜόT/ķ͕ǡЬ 
 ϒô<&=&=, αÐ;ǂϳ6ͷ˅$ml (Iriki, & Maravita, 2004)αÐ;ǂϳ6&
4ƭG9ϒôSȥÒ(l9<, ϒôSƉƋ9ǻȟ(l"6ķ͕8Ėɞœǝ;5l
τ9, x;ϒôÔˋ<, Ƕ;ǋǩƇ˜όĜ6JϷϊ3 Mm4Ν'Mml (Marzke, 
2013)´ƌ, ȄȋƓĿǡSŽI, ʻÐ;ƉƋǻȟSƌ˅(lLόĜ&.x;Ƕ<, ϒô
;ǻȟJƏɂ9ͳlɵω6814l (Napier, 1961)Ē4, ċο&.χN, x;Ƕ<
̢ɕ˜8ɣγǡSɍ&4N, ǻȟ;Є9͟Ę˜9, ƓΠʻ9Ľo*4űǋ(l (Pfeifer, & 
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Bongard, 2006)(8o0, x;Ƕ<, ƓΠʻ;ǋ9Ľo*.ǻȟǋʾSƌ˅(l;9, ʶ
Ј8Έ̗S;$), ϒô6Ƕ;Ș̰ʱSƉƋ9̿"6ķ͕5l";ʱ<, ǔο(l
ЭС;ϒôÔˋ6<ŵ˔8lʼǛ5l 
 ϒôÔˋ;˹̨Ŧˡ9<, ЛЕ϶ʥ, âЛЛЕ̩ĽϜ (temporo-parietal junction), ΄Ŗ 
(angular gyrus) 61.ųǨ΂ǡ;͚ЙťϷ¦&4l (Johnson-Frey, 2003; Moll et al., 
2000; Obayashi et al., 2000; 2001; Tomasino et al., 2012)˹̨ˉˇƇ˜΃ʱM<, ϒôÔˋ
;Ί̷9LN, ̏ĺĜ$mlαÐμãЙťűƏ(l"6ɁM9814l (Iriki et 
al., 1996; Maravita, & Iriki, 2004)Iriki et al. (1996) <, ^bi9ʷǶʾ;ϒô5ЦSĳ
Ǘ(lϒôÔˋΊ̷Sȹ&, Ί̷Ãċ6Ãǔ5ЛЕͩ;{S΋ϰ&.ЛЕͩ;
 Ϝ;{<, αÐμã̇϶S΁΂, ÐǡǨ΂¨Ǩ΂924̏ĺĜ&4l"6
ˬMm4l (Huang et al, 2012; Macaluso, 2006)Iriki et al. (1996) ;̩ɞ5<, Ί̷Ãċ<
Ƕ, ͜¿μ;̇϶S̏ĺĜ&4.{, ϒôÔˋ;Ί̷ǔ9<, ϒôμã;̇϶
J̏ĺĜ(l9͠1.";L8αÐͷΠ;űƏ<, αÐl`;ķũǡ6&4Ȑ
Mm4l (Maravita, & Iriki, 2004)αÐl`6<, ͳʲ9ąˋ$mlαÐͷΠ6
&4Ƌ̈́$m4l (Hoffmann et al., 2010) 
 ϒôÔˋ9LlαÐl`;ȇǇ<, x;ϒôÔˋ9Ϸ(lͳĘƌЩ94Jŧ
Ņ$m4l (Cardinali et al., 2009; 2011; 2012; Sposito et al., 2012)Cardinali et al (2009) <, 
ktb~y9LNʻÐSǻȟ(lΚНSˋ.ĭĒ͉<ktb~y;Ί̷ċ
ǔ, ϒôSˋ), ͟α;Ƕ5ʻÐB;ǻȟSͳ1.ϐĘƇ˜8΅ɜ;̩ɞ, ϒôÔˋΊ
̷ǔ;ǻȟϐĘ5<, ǶSϵ lc5;ʫɄ£ɀ(l"6ăɁ&.";̩ɞ<, k
tb~y;Ôˋ9Ll͜;αÐl`;ķũ˜űĜ6&4, ΅Ϥ$m4lƌЄ9, 
͜;ϳ$SŖ̕(lǜˇʻˇƇ˜ΈʠSͳ1.6"n, ϒôÔˋǔ, ͜;ϳ$ϒôÔˋΊ
̷ÃċLNJ, ϳˬ΂$m4."6ăɁ&.";L8ϒôÔˋ;αÐl`
;űƏ9<, ΁΂;G8M), Ά΂˜8tytbǝ;5l"6, ṵ̌;˰̆5
ɁM9814l (Cardinali et al., 2011)ϒôÔˋ<, αÐl`ÃŲ9, ˬ΂9Jǎ
Д(l"6ŧŅ$m4l (Bloesch et al., 2012; Bourgeois et al., 2014; Osiurak et al., 2012; 
Witt et al., 2005)Witt et al. (2005) ;˰̆5<, ĭĒ͉<ϒôÔˋ;ċǔ5, ƓΠʻc5;έ
ЊSͿ̄JlΚНSώͳ&.̩ɞ, ϒôÔˋǔ, έЊˬ΂ˮ8l"6ăɁ&."
;̩ɞ<, ϒôÔˋ9LN Ʉ˜9ĆϓϐĘķ͕8αÐμã̇϶ȇǇ&..I5l
6΅Ϥ$m4lϒôÔˋ9LN, pzll;̚ŚƼl6ŧŅJ
l (Berti, & Frassinetti, 2000; Canzoneri et al., 2013) 
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 Ã£;L8αÐͷΠ;ȇǇ;^{m6&4, ċο&.˹̨ɥХŗƁ5l BDNF 
qb;Ϸ¦˵$m4l (Ishibashi et al., 2002a; 2002b)Ishibashi et al. (2002a) <, 
^bi9 12 ȼ϶;ϒôÔˋΊ̷Sȹ&.ǔ, in situ hybridization ʐ5 mRNA ˚˅SƋϧ
Ĝ&.,;̩ɞ, ϒôÔˋΊ̷ǔ, ЛЕ϶ʥ94 BDNF ;˚˅ϧ£ɀ(l"6Ϳý
$m4lɓΝȳ5J, ˰̆ 4 94 BDNF qb9˨ˢ&, ЭСϐĘƇ͇;˹̨
ķũǡSɰΏ(l 
 
1.2 ЭС;ȖЦϐĘ 
1.2.1 ЭС9 lĆϓǻȟϐĘ6&4;2=GϐĘ 
 1.1 ̙5<, ЎϳС;ĆϓǻȟϐĘćǘ6<, ˧MƉƋ&4ðĐ$ml΁΂Ǥŧ9Ŧ
34, ˧6<ʿ̋&.Í͂9lĖɞœ5lǶ͜;ǁɷSƓΠʻǁɷ9űȞ&4
ϑ́5l6οC.&&, ";L8ĆϓǻȟϐĘ;Ǩ΂ϐĘćǘ<, ̂϶5ľ 
5<8, όĜ;ˊʻ6&4;Ęʻ̂;Ǩ΂œ, į@Ėɞœ;ˤƓ˜Í͂, ©@9,;ǋǩ
9Ǟ'4˔81.ćǘ^{m6814l<)5lЭС;ĆϓǻȟϐĘ<2
=GϐĘ (pecking)5l (Deich et al., 1985; Delius, 1985; Klein et al., 1985)ЭС;2
=GϐĘ9 lĖɞœ5lbsj<ЛϜ9ϟ͂$m4l.I, ЛϜ;ϐĘ
9Ê14, ΁΂§ˏŵűĘ(lǖ14, ЭС;2=GϐĘ<, ЎϳС;Ćϓǻ
ȟϐĘ;L9ƉƋ&.΁΂ǁɷª5ώͳ(l"6<582=GϐĘ<, ";L
8αÐ˜ć̠SîɎ&8 m=8M8.I, ЎϳС6<ɺ͕˜9СÌ(lϐĘ5<
lJ;;, ,;Ǩ΂ϐĘćǘ^{m<ŵ˔814l"6³ǥ$ml  
 ЭС;2=GϐĘ<, "mc5­9~x (Columba livia) Sˋ4ɰΉ$m4. 
(Delius, 1985)~x;2=GϐĘ<, 2=GƓΠ;ˣċ5ЛϜSЏɾ$*lŜ΁ 
(fixation)MŽcN, ЛϜ;ĆϓϐĘ, bsj;ϵϴ9LlǻȟϐĘ, į@,m9̰
Ц;Ŕ¤ϐĘ9LNɵǯ$ml (Delius, 1985)2=GϐĘ<, ɲI4ƋŤ˜8ϐĘ5
l.I, 24<ˉǗ˜8ŜƋ˜ʒĘq (fixed action pattern) 5l6͈Mm4
."6J1., ̥8ϐĘqƓΠʻ, į@αÐ;ÐęL14űĘ(lʱ, į@
ϐĘ;xct9Ƈ͇ķũǡƄŞ(lʱM, 2=GϐĘ;ŜƋ˜ʒĘq
Θ<ŁƋ$m4l (Hörster et al., 2002; Zeigler et al., 1980) 
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1.2.2 2=GϐĘ;ty\yϐĘćǘÄΘ 
 ~x<ĆϓϐĘϵŽǔ, ˢSϴ'l.I, ϐĘª9΁΂S¼&4ϐĘSćǘ(l"6<8
6͈Mm4l (LaMon, & Zeigler, 1984; ś 1.1a)ǖ14, ~x;2=GϐĘ<, ϐ
Ęª9΁΂ǡćǘSͳo8, ty\y8ϐĘćǘ9Ŧ34l6­Ǉ$m
4l (Deich, 1985, LaMon, & Zeigler, 1984)Ǩ΂ǡϐĘćǘ<, Ŝ΁;Ʉʱ;Ц;΁΂˜
ƋÍ, ©@9, ЦSǻȟ&.ǔ9, ÐǡǨ΂9Ŧ34ő9ЦSϐAbsjͣ;ȥÒ9
ˑc14l~x<, ş£9ȯŞ(l̂ƁKƌ87;Џɾ&.ЦSĳǗ(lş£ȖЦǡ
;Ęʻ5l.I, 2=GϐĘª;ćǘɶǄ<, ty\yϐĘćǘ5ğþ8;
J&m8ƙĘʻ87;ĘƓΠSȑУ(lbY5J, 2=Gª;ϴ˧ıǞ
ŧŅ$m4l, bY<ȑУ;Є, ƓΠ;ȑУ9bsj5<8άSÔ.I, ~
xľɶ, ЛϜϐĘª;΁΂ǡϐĘćǘ;ǝ;ǡÎ (Wagner, & Schaeffel, 1991)"mM
;̂5ͿMmlϴ˧ıǞ;ɺ͕˜ǧ̈́<, c/ɁM9$m48, ЦSǉ4&c
1.Є9˧Sƈlɺ͕l6͈Mm4l (LaMon, & Zeigler, 1984) 
 ~x879ͿMml, ϴ˧SÊ2=GϐĘ<, ϐĘª;΁΂ǤŧSąˋ588
MJ, ̇϶˜9JɄ϶˜9Jɿ˳2ƉƋ9ćǘ$m4lx;ǻȟϐĘ9ͿMml
ƓΠʻhXm6ƓǞ&.ɿ˳8Ƕ;ϵ ƶΛ̙<, ~x;2=G9Jľɶ9ͿMml 
(Klein et al., 1985; LaMon, & Zeigler, 1984)bsjSϵ lqXcJƉƋ&4N, 
(a) (b) 
ś 1.1 2=GϐĘª;ϵ˧ϴ˧ıǞ(a) ~x<2=GϐĘϵŽ66J9˧Sϴ
'lıǞSͳõŤ˜9<, Ц9Ćϓ(l69DEƊñ9ϴ˧(l(b) ^l<
2=GϐĘϵŽMƊ²c5, ˧Sϵ ̰ l (ɚ·, 2016) 
 11 
Ц9ȘΆ(lˣċ 50 ms ċǔ5l (Deich et al., 1985)";L8ɿ˳2ƉƋ&.ϐĘ
Sƌ˅9(l9<, ϐĘϵŽÃċ, (8o0Ŝ΁;ʆЀ5ϐĘ;{cSͳǝ;
l (Goodale, 1983; Theunissen et al., 2017)(8o0, Ŝ΁9<, 2=GƓΠ;ʻÐ;ŵ
$KέЊM, ϐĘ;{cSͳʑ΁ɺ͕l6͈Mm4l´ƌ, Ŝ΁
MĆϓϐĘSώͳ&ŽI.ǔ<, ЛϜSЦ6<σȸĿ9¸Á$*l"6<8 (Zweer, 
1982)Theunissen et al. (2017) <, 2=G;ƓΠʻƙ$8lD7, Ŝ΁;Ḭ̑Ʉ϶<
ϳ8l"6SŧŅ&.ϳɄ϶;Ŝ΁<, ƙ$ƓΠʻ9Ɠ(lɿ˳82=GϐĘ9
;(l{cɄ϶;ϳ$SıɃ&.̩ɞ5l6΅Ϥ$m4lˉˇƇ˜9J, 
Ųâ, ͒â9 2 ̖ǴƄŞ(l~x;̲͞ªǜ̊94, ͒â;ªǜ̊, Ŝ΁;Ʉʱ5¤
ȸ 10˚ 9ǽƖ(l"6, į@, ċȸ΁;΁Đɷ˜ʻ6;έЊ 10 cm SΫl6Ǡʭ9ǣ
Ĝ(l"6M, μέЊ;ʑ΁ɺ͕Sȃ14l6͈Mm4l (Hayes, & Holden, 
1993; Nalbach et al., 1983; Rounsley, & McFadden, 2005)ċȸ΁Sϗȶ(l6, 2=GϐĘ
;ĆϓÍ͂¥ɿ˳98l"6MJ, Ŝ΁;ʑ΁ɺ͕Θ<ȧȊ$m4l (Jager, & 
Zeigler, 1991) 
 ~x;2=GϐĘª;ϴ˧ıǞ6<Ɠʵ˜9, ~jx_l<2=GϐĘª, ˧S
ϵ ̰ l (ɚ·, 2016; Matsui, & Izawa, 2017; ś 1.1b)^l<ɞʻ87;ЏɾʻSȖУ
(l/ 58, ƙĘʻKȿͱ87;ĘƓΠJȑУ(lȖЦˉǩSȊ2 (Ϭɐ, 2002),
;L8ЈУǡ;ȑУ͉̂5<, 2=GϐĘ9Ê΁΂§ˏ;űĘ6, αÐ˜ć̠S
îɎ&, ]XϐĘćǘ^{mSä4l"6ǥƋ$ml,"5ɓΝȳ˰
̆ 1 5<, ~x, ^l;2=GϐĘ9΁΂Ų°SĒl"65, ~x;ty\
yϐĘćǘÄΘSøɰΉ(l66J9, ^l;]XϐĘćǘÄΘ;ɰΏ9ĳN
̧H 
 
1.2.3 2=GϐĘ;˹̨^{m 
 ǰx;Ėɞœ5lǶ;ȋí, ÐǡǨ΂9êm4l;6ľɶ9, ЭС;bsj
9<ÐǡǨ΂ĴƏÐþư&4l (Gottschaldt, & Lausmann, 1974)bsj;ĴƏÐ<
ͽȰ;hqX9þm4N, ɺ͕þĜƄŞ(l6ȋȢ$m4lÁͷ˜8;< 
Grandry ƙÐ6 Herpst ƙÐ5lGrandry ƙÐ<bsj;ͷƢϜ9Ƒ9þư&4
NдϐĘ;ψǀ;ɰý9Ɛ¦&4l6͈Mm4l ȸ, Herbst ƙÐ<ȏĘĈʭ9Ɠ
&4ıǞǡSɍ&4l6ŧŅ$m4l (Gottschaldt, & Lausmann, 1974; Hörster et al., 
 12 
1983)x;Ƕ6ľɶ, ĴƏÐ;þư<bsj£5š 5<8, í̍Ϝ9Їª&4
N, bsjí̍5ˈŭSụ̑(l;9Ǐ̋4Mm4l (Pettigrew, & Frost, 1985) 
 ªɡ;bsj;Ǩ΂ϐĘŖίSś 1.2 S˵(ȁʘ;bsjÐǡǨ΂ĴƏÐ
<, ¢Į˹̨Sχ'4͚ƹ; principal trigeminal ɦ (PrV) 9ǽƖ$ml (Berkhoudt et al., 
1981; Dubbeldam et al., 1981; Wild et al., 1984; Witkovsky et al., 1973)PrV M< quinto-
frontal tract 6ň=ml˹̨̱̾ɖSχ'4, ŵ͚; basorostralis ɦ (n.bas) 9ǽƖ$ml 
(Kuenzel, 2007; Wild et al., 1984)΅ČƇ˜ͿşM<, n.bas <΁ƽS¼$)9͚ƹMˣ
Șϊ̪$m4lʱ9ʼͦl (Schall, 1986)n.bas <ŵ͚;ċŦƿϜ9Í͂&, 
nidopallium 6ň=mlЙť; Ϝ5ln.bas <ІȘ(l frontal nidopallium S̨ˍ&, 
caudolateral nidopallium, į@ arcopallium 9ǽƖ(l (Wild et al., 1984; Wild & Farabaugh, 
1996)arcopallium M<, occipitomesencephalic tract Sχ'4, ͚ƹ̲ɶÐBǽƖ&, ɋ̦
˜9<bsjȥÒ9Ϸ¦(lО;ϐĘ{BȘ̰&4l (Wild et al., 1984)
arcopalliumM;ϐĘýĐ<¨âMǽƖl, 2=GϐĘ<ƬġˆêÍ5l 
(Güntürkün, O., & Kesch, 1987; Ocklenburg, & Güntürkün, 2012)";âǡĜ<, Ƭ arcopallium 
, ¸ϊϜS¼&.ƬĹ; arcopallium ;ˤ¶ϊ̪Sχ'4, Ĺ arcopallium SǼć(l"6
Sχ'4ƌ˅&4l (Letzner et al., 2016; Xiao,  & Güntürkün, 2018)bsj;ćǘ9
ś 1.2 bsj;Ǩ΂ϐĘćǘŖίWild et al. (1984) SȨűPrV, principle trigeminal ɦ; QFT, 
quinto-frontal tract; n.bas, basorostralis ɦ; NF, frontal nidopallium; NCL, caudolateral nidopallium; A, 
arcopallium; OFT, occipitomesencephalic tract; Rpc, ͚ƹ̲ɶÐ 
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<дϵĵ9< 2 2дϴĵ9< 5 2;̓͌Ϸ¦&4Nд1 2SϽ4¢Į˹̨̟˹̨
ȧϟ&4l (Kuenzel, 2007; Wild et al., 1984) 
 N.bas <, bsj;ÐǡǨ΂9Ϸ(l ɼǨ΂Ϧ6&4ɺ͕&4l (Schall, & Delius, 
1986; 1991; Schall et al., 1986)N.bas 9<bsj6ĵ͛ö;ÐϜÍø˅ǡƄŞ(l"6
, ͽȰ;̂5ŧŅ$m4l (^, Anas platyrhynchos: Berkhoudt et al., 1981; n`nXX
f, Melopsittacus undulatus: Wild et al., 1996; bY, Tyto alba: Wild et al., 2001; ~x: 
Witkovsky et al., 1973)N.bas ÃŲ;ÐǡǨ΂Ϧ6&4, ŵ͚;£Ϝ9l frontal 
hyperpallium Sȍ!l"65l, ";Йť;˹̨̥͓ ({) <bsj;Ά
΂Ĉʭ9Ɠ&4ıǞ*), ͘, ͅ, ͔Ð87;αÐϜÍS̏ĺĜ&4l (Funke, 1989)Ð
ǡǨ΂Ϧ6&4; n.bas ; (˹̨) Ǥŧüˇ£;ʼǛ6&4<, ĈʭMʒĘЍÍˉ'l
c5;ʫɄ 3-8 ˽6АƵ9ˮʱȍ!Mml (Schall, & Delius, 1986)"m<, í
D7οC.L9, n.bas ΁ƽS¼$), ͚ƹ PrV MˣȘǽƖSĴ 4N, jzl;
¯NȞƚ8.I5l 
 N.bas bsj;ÐǡǨ΂Sȃ14lʱ<, ̂϶5óχ(l, ̂9L14<bs
jÃŲ;ÐϜÍͷ˅$m4l"6lÕ=, ~x; n.bas <bsj6ĵ͛ö;
G;ÐǡǨ΂S̏ĺĜ&4l ȸ, n`nXXf, į@bY5<, ñα;ÐϜÍø
˅8$m4l (Wild et al., 1997; 2001)N.bas <Ð̄94J, ̂϶5ű˔ͿMm
ln.bas, į@ PrV ;Ð̄<, ȖЦbsj;ÐǡǨ΂9ÖƄ&4l̂94, ͎ŵ
ĜͿMmlN.bas ;͎ŵĜͪ&̂6&4<, ^, ja˼ (Scolopacidae), `Yt 
(Apterygidae apteryx) ˬMm4l (Cunningham et al., 2013; Dubbeldam, & Visser, 1987)
Õ=, Ŵͳǡ;`Yt<, şª;ȿͱKmSȑУ(l, bsjí̍Ϝ;ÐǡǨ
΂9ÖȆ&, ЦSụ̑(l (Cunningham et al., 2007)ǖ14, ϮȬ8ÐǡǨ΂<, ȖЦͳĘ
B;ϖǞ5l6͈Mm4l 
 N.bas ȖЦͳĘ9Ϸ¦&4l"6<, ͳĘ˹̨˼Ƈ˜9JɰΏ$m4lN.bas S
ǚǆЍʋĈʭ(l6, 2=G;ϐĘqý˅(l (Delius, 1971; Lindenblatt, & 
Delius, 1988)N.bas <, ʻˇ˜ȘΆ9LlΆ΂Ĉʭ9ıǞ(l;G8M), ЛϜ;æKĒ
ψǀɰý87;ŜɍǨ΂, ƷͶǨ΂JĻ14l6͈Mm4l (Manni, Bortolami, & 
Azzena, 1965; Schall, 1987; Schall, & Delius, 1986; Schall et al., 1986)Arcopallium <ϐĘýĐ
Ϝ9ˤǊ(lЙť5l.I, n.bas–arcopallium ;˹̨Ŗί, 2=GϐĘ;Ǩ΂ϐĘć
ǘ9Ϸ¦&4l6͈l"65lƌЄ9, n.bas SȠå(l6, 2=GϐĘ;Ȗ
ЦĖ˄Î¤(l"6ăɁ&4l (Jäger, 1990; Wynne, & Delius, 1996; Salzen et al., 
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1975; Zeigler, & Karten, 1973; Zeigler et al., 1975)N.bas 9ÐǡǨ΂ǤŧSρ14l PrV 
;ȠåJľɶ9, ȖЦĖ˄;Î¤SǅΪ"( (Zeigler, & Karten, 1973; Zeigler, et al., 
1969)PrV 9Ș̰&4lɒɫ;¢Į˹̨Sÿȶ(l6, bsj;ϴĵıǞϫ8l 
(Bermejo, & Zeigler, 1999; Miller et al., 1978; Zeigler, 1973)"mM;˰̆M, 2=GϐĘ
9<, ƓΠʻ9͵̈&.Є;ÐǡǨ΂;tytb, į@bsjϵϴ;ŜɍǨ΂ą
ˋ$m4l"6șƒ$ml 
 N.bas 2=GƊ²ˣǔ;ÐǡǨ΂tytbSĳǗ&4l"6<, Schall et al. 
(1991) ;ȠåƌЩMɁM9814lSchall et al. (1991) <, ~xSƓΠ9ȏĘĈʭ
;ǃĄΚНSˋ, n.bas SȠå(l6, ǃĄ͕ĐÎ¤(l"6SͿý&. ȸ5, n.bas 
Ƞå<ͦĈʭ;ǃĄ9<ǎД&81..I, Ƈ͇͕Đ,;J;;ЅƎ5<8"6Jă
Ɂ&."mM;̩ɞM, PrVеn.bas ̨ί<bsj9þư(lɺɬĴƏÐMÐǡǨ
΂ǤŧSÉϓ&, 2=GϐĘ;Ǩ΂ǡćǘ9Ϸ¦&4l"6˵ō$mlǨ΂Ǥŧ
SϐĘýĐ9űȞ(lϜÍ< arcopallium 5l6͈Mm4l&&, n.bas M 
arcopallium B;˹̨ϊ̪;ª̯ɦ5l frontal nidopallium ;ɺ͕<c/ɁM5<8
 
 Frontal nidopallium <öâϜ, ª϶Ϝ, ŲâϜ5,m-mĴ ĳ14lǨ΂Ǥŧ˔8
l"mM; 3 Йť<, ̥͓ǋǩ£<šΨ5l.I, ̥͓ÐSАϘȀ˜9ɢIý({tl
ɢͦÿʺMþС(l"6<58, ˹̨ϊ̪, łɍ˹̨ÉϓʻΨ, į@ϙÉƁ˚˅
qM, ,m-m˔81.ɺ͕Sɍ&4l6͈Mml (Durstewitz et al., 1999; 
Husband, & Shimizu, 1999; Kröner, & Güntürkün, 1999; Wild et al., 1984; Yamamoto, & Reiner, 
2005)"mM;ª5, n.bas MÐǡǨ΂Ǥŧ;ðĐSĴ 4l;<ª϶Ϝ5l (Wild 
et al., 1984)Frontal nidopallium ª϶Ϝ<, ϐĘýĐSȃ arcopallium ;¾, caudolateral 
nidopallium 9ǽƖ&4l (Wild et al., 1984)Caudolateral nidopallium <ÒĘ΋ǭΚНK, 
go/no-go ΚН;ώͳ, ȰΔˬ879Ϸ¦&4N, ЎϳС;ċЛċϦ (prefrontal cortex) 6ɺ
͕˜СÌǡȋȢ$m4l (Ditz, & Nieder, 2015; Güntürkün, 2005; Hartmann et al., 2018; 
Nieder, 2017)ȖЦŨБ94<, ";ЙťȠå$ml6, ģÍɄ϶Ǌ.N;2=G
ŖȰŮĒ(l"6M, ͳĘ;Ǽć9Ϸ¦&4lķ͕ǡ˵ō$m4l (Jäger, 
1990)Frontal nidopallium ŲâϜ<΁΂ǡ;ǽƖSĴ 4l (Husband, & Shimizu, 
1999)͗ɯĘʻ;΁΂̟<, ŵþ 4ª͚̟6΁ƽ̟9þС5l, frontal 
nidopallium ŲâϜ<, ¨΁΂̟Ľʓ(l΁΂;ɋЬªɡ5l6͈Mm4l 
(Husband, & Shimizu, 1999)Frontal nidopallium ŲâϜ;ɺ͕<, Γ&<ăɁ&48
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, ϏǂͿɓĽo*ΚНª9ʒĘ(l"6M, ΁΂ǡ`c6;Ϸϊ˵ō
$m4l (Johnston et al., 2017)Nidopallium öâϜ<κ̹̟; ϜS8&4l 
(Yamamoto, & Reiner, 2005)"0MJΓ&ɺ͕<ăɁ&48, ǵɩÐK, ΁ƽS¼
&4öĴƏǨ΂ɦ6ϊ̪&4l.I, ǤĘıǞ9Ϸ¦&4l;5<86͈Mm
4l (Arends et al., 1988; Atoji et al., 2006; Wild, 1987a)  
 
1.2.4 ЭС;ϒôÔˋ: αÐ˜ć̠SîɎ&.ʼ˔8ȖЦͳĘ 
 ЭС;ϒôÔˋ<, bsjϐĘćǘ;αÐć̠SîɎ&.ƭG8Ǩ΂ϐĘćǘ6&4, 
Ȑl"65l{^y{VƦ;Ŝɍ̂5l^y{V_l (Corvus 
moneduloides) <, ϒôÔˋSͳЭС;ÁͷÕ5l (Orenstein, 1972; Hunt, 1996)^y
{V_l<Ŝɮʻ;ͩK, ɐ;ɟSɭʾ9ȱǋ(l"65ϒôSͼÒ&, ɔ0ɐ9ʫH
^`j;ƺͱ (Agrianome fairmaire) SϪN£!l (Hunt, 1996; Hunt, & Gray, 2002; 
Klump et al., 2015)^y{V_l<, ĂI4ń˵$m.ɭʾ;ϩϨS, tbʾ9Ēƫ
&, bsj5<ƞ8÷̔;ƿ9͂m.ЦSĳǗ(l"6ŧŅ$m4l (Weir et 
al., 2002),m9ṵ̌(l˰̆5<, σ9ġ÷ʾ;ϩϨSË=&, Ɉ14lʾǩ5<ƞ
8ŨǴ9͂m.Ц;ĳǗķ͕5l"6˵$m. (Weir, & Kacelnik, 2006)"
mM;˰̆M, ϒô;Ēƫ<ˢɷϓǯ9ǝ;8ϒô;ɺ͕ǡ9Ŧ3, ώͳ$m4l6
͈Mmlϒô;ɺ͕ǡ;ˇ΅<, ^y{V_lϖÿ8ϳ$;ϒôS, ǝ;9Ǟ'
4ϘȀ(l"65l"6MJ˵$m4l (Chappell, & Kacelnik, 2002)^y{
V_l;ϒôÔˋ<õŤ˜9<ƺͱ;ȑУ9ˋMml, ʥ9ς!λT/x^eSπ
ý(.I9JϒôSˋl6, ȳ͖9Ľo*.ɣγǡSä4l"6JŧŅ$m
4l (Troscianko et al., 2008) 
 ^y{V_lÃŲ9J, Ϧˉ¤5ϒôÔˋSͳЭС̂<ͽȰƄŞ(l`uu`
ts (Camarhynchus pallidus) <, ^y{V_l6ľɶ, ɐ;ɟSˋ4ɐ;ö9ʫ
HȿͱSȑУ(l (Tebbich et al, 2002)[kx~ej (Neophron percnopterus) <, ˯S
~;L9ˋ4ĨSďl (Thouless et al., 1989; Van Lawick-Goodall, & van Lawick-
Goodall, 1966) Å;´ÕŧŅ5<lJ;;, s]_l (Corvus rhipidurus) 5Jľɶ
;ŧŅl (Andersson, 1989)j]Y (Probosciger aterrimus) <,  Ϝ;ÞÐ̓ϒ
ô9LNmГS˚ˉ$*lͳĘS˵( (Heinsohn et al., 2017)~X_l (Corvus 
hawaiiensis) <, ϦˉÞÐ<Ȼ9̮ʧ&.J;;, Ф͐ÞÐΊ̷8&9ɭʾ;ϒôSˋ
4ЦSĳǗķ͕5l (Rutz et al., 2016) 
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 Ϧˉ¤5<ϒôSˋ8ЭС̂5J, Ί̷9LNϒôÔˋķ͕98lƇ͇ķũǡ
ƄŞ(l"6JŧŅ$m4lÕ=, jqXk]Y (Cacatua goffiniana), į@
]Y (Nestor notabilis) <, ɭʾ;ϒôSͼÒÔˋ(l (Auersperg et al., 2011; 
2012; 2016)]Y924<μƸ, ƌЩƍ5Ί̷*)6J, ͟˚˜9ϒôÔˋSƇ
͇&, ͳ"6ϦŲƌЩ94ŧŅ$m4l (Goodman et al., 2018)Kanai et al. (2014) <
~jx_l (Corvus macrorhynchos) Sˋ4, L ƃʾ;ϒô9LNtx£;
ЦSĳǗ(lƇ͇ƌЩSͳ1.ϒôÔˋ;Ƈ͇ǔ, txċϜ9¥τɁ8|
SĳN¿ , ΁΂ǤŧSϗȶ&.6"n, ϒôβϒȯύ(l"6ăɁ&.ǖ14, 
~jx_l<ģ9ϒôSȏl"6SƇ͇&.;5<8, ΁΂9LNϒôβϒS
ćǘ&4.6͈Mml&&, ϒôβϒ;þȯ<Ƽ, ^y{V_l;ϒôÔˋ
;ƉƋǡ9<ϕį=81."mM;̩ɞ<, ~jx_l9JϒôÔˋSͳ.
I;΁΂ǡϐĘćǘ^{mäo14l ȸ, ̸̝8ϒôÔˋ<Ћ&"6S˵&
4l,;ˇˍ; 1 29, ϒôSǻȟ(lbsjǋǩ;Ϸ¦͈Mml~jx
_l;ʡɈ&.bsj5<, ϒôSƉƋǻȟ&, Ôˋ(l"6řЋ51.;J&
m8 
 ЭС;Ėɞœ5lbsj<, ϒôÔˋ94JǨ΂ϐĘćǘ£;ć̠6&4ç
4l6͈MmlЭС;bsj<, ˲[zΨ5ǋǯ$m4l.I, ЎϳС;
Ƕ6ʉC4, ̢ɕ˜8ɣγǡ9ɻ l";ʱ<, ЎϳС;ǶɣM, ǋǩƇ˜Έ̗S
ąˋ&, Ė˄˜9ʻÐSǻȟ5l;6<Ɠʵ˜5lϒôÔˋ9<, ĆϓǻȟϐĘ6
ľɶ;ŏНJƂT5lϒôÔˋ<΁΂9ÖƄ&.ϐĘ5l, ЭС;bsj6˧
<ЛϜ5 Ð9814N, ϒô;ȥÒ9Ľo*4΁ϦJűĘ(l (Martinho et al., 2014)
£΋;ΟΝSȱˇ(l6,  ŏН<^y{V_l<˲bsj5, 9ϒôSb
sj6ƉƋ ÐĜ&4l;į@˧6bsjЛϜ5 Ð9814lαÐɵ
ω5, 9ϒôí̍6ʻÐ;Í͂ϷÙS΁΂˜9tc&4l;6 2 ʱ
5l 
 Rutz and Clair (2012) <, ^y{V_l¾;^lLNJ, ʉζ˜ƷŢ8bsjS
ɍ&4l"6S΃ƒ˜9΋ο&4l";ǋǩ<ϒô;ƉƋ ÐĜ9Ɛ¦&4l"
6³ǥ$m4l, "mc5Ƌϧ˜8ɰΉ<ĒMm4"81.ɓΝȳ;˰̆ 5 
5<, ^y{V_l;bsjǋǩS¾̂^l6ʉζ&, ,;ǋʾű˔SƋϧΐ×(
l̐µ;ʱ924<, ^y{V_l;¨˧΁Ϧ̚ŚS¾̂6ʉζ(l"65ɰΉ
$m4l (Troscianko et al., 2012)Troscianko et al. (2012) <, ^y{V_lSłH 5 
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̂;^l;¨˧΁Ϧ̚ŚSΈʠ&., ^y{V_l;¨˧΁Ϧ̚Ś< 60˚ Ã£5
l ȸ, ¾;^l< 30-50˚ ́ǀ6, ΁Ϧ̚Ś9ŵ8ϔͿMm.ƌЄ9, "mc
5¨˧΁Ϧ̚ŚΈʠ8$m4.̂;ª5, ^y{V_l<ɋJƼ΁Ϧ̚ŚSɍ
&4l"6ăɁ&4l (Martin, 2014)ЭС9 l¨˧΁Ϧ̚Ś<, ̋Ð΁9Ll
Źͳˬ΂6LN<H&n, ċȸ΁B;ÖƄǀ9LNʏcl6͈Mm4l (Martin, 
2009)´ƌ, Martinho et al. (2014) <^y{V_l;ϒôÔˋª;΁Ϧ;ÔȸSΈʠ
&., ^y{V_l<ϒôí̍Sʺ˧5Ȑ8M, ϒôSȥÒ(l"6Ϳý$m
.2cN, ^y{V_l<, ˧ЛϜ;ċȸ9ϟ͂$m4N, bsj5ǻȟ&.
ϒôċȸ΁Ϧ9ĲclL8ЛϜǋǩS&4l6͈Mml 
 ϒôÔˋ;όĜ<, ͚;͎ŵĜ6J̩@24lx;͚Ð̄Ō±С;ª5̓S
ǿ4l;6ľɶ9, ЭС5J, ^lơ, ]Yơ<ЭС̂;ª5Є̋14͚Ð̄ŵ
"6, ʉζΈʠ˰̆MɁM9$m4l (Cnotka et al., 2008; Iwaniuk et al., 
2005)^l5<, ŵ͚; nidopallium ʼ9͎ŵĜ&4l"6˵$m4l (Izawa, 
& Watanabe, 2007; Mehlhorn et al., 2012)Nidopallium 9<, n.bas 87; ɼǨ΂ϦJłcm
4l, ų<ųǨ΂ǡ;ϊĽϦ5lŵ͚Ã¤5<, ƙ͚;ͽЈ$^lơ, į@
]Yơ5Є̋14l"6ŧŅ$m4l (Iwaniuk et al., 2006)&&, ^lơ, ]
Yơ;͚9͎ŵĜ&4l6<, ̮Ɠ˜8ŵ$5<ЎϳС9<į=8
,m9JϷoM), ЭС<ϒôÔˋSŽIųǌ8 “ˬ˜” ͳĘS˵(,;Ŧˡ6&4, Э
С;͚;̥͓Ƒǀ<Ō±С6ʉζ&4Ь, Ð̄.N;{Ȱ, Ō±СLNJ<
l9ų"6ɁM9814l (Olkowicz et al., 2016) 
 
1.3 ɓΝȳ;ˢ˜6ÄΘ: αÐɵω;ϔSЭС<9îɎ&4l;к 
1.3.1 ~x^l;ϐĘ9 l΁΂;Ǐď 
 "mc5;ЎϳС;ĆϓǻȟϐĘ;˰̆ˬͿM, ЎϳС;ϐĘ<ƓΠʻ;ƋÍM
ϐĘª;υɼÝɿ9͠lc5, ΁΂9LNćǘ$m4l"6ăɁ&4l (Caminiti et 
al.,1998; Elliott et al.m 1988; Matsui et al., 2017; Sarlegna, & Sainburg, 2009) ȸ5, ~x;2
=GϐĘ5<, ΁΂;Ǐď<ϐĘϵŽˣċc59ϻMm, ϐĘª9<Ϸ¦&86͈M
m4l (Delius, 1985; LaMon, & Zeigler, 1984)";2=GϐĘ;ty\y
ćǘ<, ~x;αÐɵω£;ć̠6ȖЦˉǩSϲGm=, Ė˄˜8ćǘɶǄ6&4Ȑl"
65l&&, ^l;L8ȖЦƓΠųǌ8ЈУǡ;Ęʻ5<, ˧6bsj;
ЛϜ Ðǡ6αÐɵω;ć̠SîɎ&, 2=GϐĘ9]XćǘǈϷ¦(
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lķ͕ǡl (ś 1.1b),"5, ˰̆ 1-2 5<, ϐĘª;΁΂;ǏďS, ~x, ^l5ɰ
Ή(l 
 ˰̆ 1 5<, mЗǞΚНSˋ4, ~x, ^l¨̂;2=GϐĘ9΁΂Ų°S
¦l";ƌЩM, ~x;ty\yϐĘćǘÄΘSø˳Δ&ʉζƓΠ6(
l"65, ^l;]XϐĘćǘÄΘSɰΏ(lxSłT/ЎϳС<, ΁΂9Ö
Ƅ&.ϐĘćǘjlvSä4l, ,;jlv9<Ȼ9οC.L9, ˧6Ƕ΅
ČƇ˜9ʿ̋&4lαÐɵω͒Ʌ9l ȸ5, ЭС<ЛϜ9˧6bsj Ð
Ĝ&4l.I, ɿ˳8ϐĘ;ƌ˅9<, ";αÐɵω£;ć̠SîɎ(lǝ;l~
x<ty\y8ϐĘ9ʼĜ(l"65, αÐɵω£;ć̠SîɎ&4l6͈
Mml~x<ЏɾʻS2=Hş£ȖЦǡ;Ęʻ5N, ]XϐĘćǘ9LN
ƓΠʻSͻά(lǝ;ǡ<Î.I, ";ćǘɶǄ<Ľˇ˜5l ȸ5, ɓ˰̆5Ǹ
^l<, ЈУǡ5N, ȿͱKƙĘʻSȑУ(l (Rutz et al., 2010; Ϭɐ, 2002)ǖ14, ^
l5<ty\y82=GϐĘćǘ;G8M), ΁΂9Ŧ34ϐĘSυɼ
Ýɿ(l]XϐĘćǘSόĜ$*4lķ͕ǡl (Matsui, & Izawa, 2017; 
2018) 
 ˰̆ 2 5<, ˿Ę(lЦSπƜ(lΚНSˋ4, ^l9Ϳý$m.]XϐĘć
ǘ;ɺ͕, ©@9,;ϐĘćǘ^{m;ɣγǡSɰΉ(l^l9Ϳý$m.]
XϐĘćǘ<, ^l;ȖЦˉǩSϲGl6, ƙĘʻKȿͱ;ȑУ9ąˋ$m4lķ
͕ǡЬ,"5, ˿ĘƓΠB;πƜϐĘSɰΉ(l"65, ^l;]XϐĘć
ǘ;ɺ͕˜ǧ̈́ɁM98l"6ɏǒ$mlĒ4, x;ĆϓϐĘty
\yϐĘćǘ, į@]XϐĘćǘ;¨ȸSä4N, ¨͉SÔþ 4l"
6SM, ^l94J,;L8ÿNɊ^{mƄŞ(l"6³ʠ$m
l 
 
1.3.2 αÐǂϳ9Ɠ(lķũǡ6,;˹̨^{m 
 ЎϳС;αÐķũǡ<, 1.1.4 5ɳΘ&.L9, ΁΂6ÐǡǨ΂9Ll, αÐμã̇϶;
ųǨ΂Ǥŧüˇ9ȧMm4lʼ9, ̇϶SĥIl͟α;αÐ̚Ś9Ϸ(lͷΠ<α
Ðl`6ň=ml (Head, & Holmes, 1911; Maravita, & Iriki, 2004)ЭС<, ϒôÔˋS
ŽI6&.ǚ̥ϐĘćǘ;ŧŅ<lJ;;, ,mSķ͕9(lαÐķũǡ924;ɰ
Ή<˝ʳ5l,"5˰̆ 3 5<, ~x, ^l;¨̂ĖɞœB;ǂϳ9Ɠ&ЗǞSͿ
*lSͳĘƌЩ9LNʉζ(l"6Sχ'4, ЭСαÐķũǡSɍ(lSɰΏ(
 19 
lôÐ˜9<, ¨̂;bsj9ȦÌbsjS͹˨(l"65, bsjSɓɘLNJ
ǂϳ&, ,m9Ɠ(lЗǞϑ́SϐĘƇ˜Έʠ9LNɰΉ(l 
 ˰̆ 4 5<, ЭС;αÐķũǡ;˹̨ŦˡSï˖̧̀Ƈ˜ɢͦʐ9LNɁM9(l
ЭС;bsjϐĘćǘ<,  ɼǨ΂Ϧ5l n.bas ;ɺ͕, ©@9ϐĘýĐ9͠lc5;
΅ČƇ˜ǽƖ̨ίLΛCMm4l (Wild et al., 1984; Zeigler et al., 1969)&&, ˰
̆ 3 ;L8ϐĘƇ͇Ʉ9, ļЙť7;L8ǏďSɞ.(;<, ɑˬ5l,"5
˰̆ 4 5<, ˰̆ 3 ;rXSˋ4, αÐǂϳ9Ɠ(lǨ΂ϐĘƇ͇B;˹̨Ǟ̕
S, ~xSˋ4ɰΉ(lIshibashi et al. (2002ab) <, ^b;ϒôÔˋƇ͇9Ê BDNF 
˚˅&, αÐͷΠ;űƏ9Ϸ¦&4l6Ν'.ɓ˰̆5J BDNF ;ŵ͚Йť9 
l˚˅SƋϧĜ&, bsjǂϳjzlķũǡ9įE(ǎДSΐ×(l,;L8
ϳɏ˜8ǎД9Ē4, bsjǂϳ9Llħǁ˜8˹̨ʒĘJ, c-fos ˚˅qbSˋ
4ɰΉ(l 
 
1.3.3 ЭСϒôÔˋ9 lǋǩ;Ǐď 
 ЭС;ϒôÔˋ<, αÐɵω£;ć̠SîɎ&.ȖЦͳĘ;Є̋1.Õ6&4, Ȑl"
65l (Martinho et al., 2014),"9<, ̸̝8΁΂ǡϐĘćǘ;G8M), ,mSȧ
lĖɞœǋǩ;όĜ, Ŧˡ6&4ƄŞ(l<)5l (Rutz, & Clair, 2012; Troschianko 
et al., 2012)´ƌ, ЎϳС;ϒôÔˋ9<, Ƕ͜;Ъɨǋǩ;όĜ͒Ʌ6&4ƄŞ(l6
͈Mm4l^y{V_l;Ƕ9ˤǊ(lĖɞœ<bsj5l^
y{V_l;bsj924<, ΃ƒ9Ll΋ο9ˑc14N, "mc5Ƌϧ˜8
΅ɜ<¦Mm481. (Matsui et al., 2016; Troschianko et al., 2012),"5, ˰̆ 5 5
<, bsjǋǩ;̂϶ʉζM, ^y{V_l;ϒôÔˋSȧlĖɞœǋǩ;ʼʃ
ǡSȜý(l"6Sˢȋ( 
 
1.3.4 ̳Ȉ: ɓΝȳ;hsb[tj 
 Ã£Sc6Il6, ɓΝȳ̕lCŏ<, Ã¤; 3 29ƴ˨(l (ś 1.3)̐ ;
ŏ<, ΁΂ǡćǘ;įA̚Ś<7"c5к6ŏ5l (˰̆ 1, 2)ɓΝȳ
5<, ";ŏНS~x, ^l5ɰΉ(l̐µ;ŏ<, ЭС<αÐķũǡSɍ(l
к5l (˰̆ 3, 4)";ŏ9<, ͳĘƌЩ9LlƇ͇ķũǡSϐĘƇ˜ɼëM
ɰΉ(l66J9, ͚ö;˹̨ķũǡMJVs(lɋǔ9, ϒôÔˋ6ʼ
ʃ8ȖЦͳĘ<, 8lǋǩƇ˜8όĜ9L14ƌ˅$m4l;к6ŏ9
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̕l (˰̆ 5)";ŏН9Ɠ&4<, ЭС;­.lĖɞœ5lbsj;ǋǩʉζS
χ'4ŀŇ(l"mM 3 2;ŏSχ'4, ЭС;Ǩ΂ϐĘćǘ9 l, αÐɵω9L
lȖЦϐĘ9Ɠ(lć̠6, ,;îɎ;όĜ;΅Ɂ9ȌG. 
 
 
  
ś 1.3 ɓΝȳ;ɵǯl`˭ǋŚG<ôÐ˜8ɰΉƓΠS˵&, «ŚG<,;͒Ʌ9
lͳĘ˅Π, l<ˉǩƇ˜8ǡΨSͷ&4lŶ˫Ħ<ǥƋ$mlǎДƐ¦ϷÙ
S˵&4l 
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̐ 2 ̌ ˰̆ 1: ~x, ~jx_l;΁΂ǡϐĘćǘ 
2.1 ˢ˜: ^l;]XϐĘćǘÄΘ;ɰΏ 
 "mc5;2=GϐĘ;˰̆5<, 2=GϐĘ9 l΁΂;Ǐď<ϐĘ;
{c;ʆЀ9ϻMm, ϐĘª<΁΂S¼$8ty\yϐĘćǘ¤9l6
Ϳȸȧϟ˜51. (Deich et al., 1985; LaMon, & Zeigler, 1984)2=GϐĘ˰̆
;­8ƓΠ̂5l~x;ȖЦˉǩS͈ǫ(l6, ";ćǘɶǄ<Ľˇ˜5l8+8
M, ~x;ȖЦƓΠ;ų<şБ9ȯŞ(l̂Ɓ87;Џɾʻ5l"6M, ϐĘª9͟
α;ϐĘSÝɿ(l]XϐĘćǘ;ǝ;ǡÎ.I5lЭС;Ч< 12 ;Ϸ
̙9LNɵǯ$m4l, 2=GϐĘª;ļϷ̙;űÍ΄SΈʠ&.˰̆M, ϐĘ;
[|aĖ˄АƵ9Ь"6ăɁ&4l (Bout, 1997)̂Ɓ87;ȖЦƓΠʻ<, 
1 Ŗ;2=GϐĘ9LNǗMmlɥХąǗƙ$.I, ,;L8j2, Ė˄
;L2=GϐĘόĜ&.;J&m8 
  ȸ5, ^l;ȖЦƓΠ<, ɞʻ;L8ЏɾʻM, ƙĘʻKȿͱ;L8ĘŖl
ƓΠc5ųƤ9ʞlƌЄ9, ~jx_l, ~jp_l;͑;öƏʻSΛC.˰̆
5<, ƙĘʻKȿͱȑУ$m4l"6ŧŅ$m4l (Ϭɐ, 2002)^y{V_
l;ͅ;ǯþˍɘSʰ̢6̢̉;ȪƖǡľÍÐ9L14ɷΞʠƋ&, УǡSșƋ&.˰̆
5J, qbʣ;ų<ȿͱ9ÖƄ&4l"6ăɁ&4l (Rutz et al., 2010),;
L8̂5<, ~x;L8ty\yϐĘćǘ9Ŧ3ćǘɶǄ;G8M), ϐ
Ęª9΁΂9Ŧ34βϒSυɼÝɿ(l]XϐĘćǘäo14l"6³ǥ
$ml 
 ϐĘ9Ɠ&΁΂Ų°S¦lƌЩrX; 1 26&4, mЗǞΚНSȍ!l
"65lRossi (1968; 1969; 1971) <{xЉ (Gallus domesticusйÃ¤f6΋
() ;2=GϐĘ;m_|B;ЗǞSɰΉ&.ǐ;ƌЩ5<, f<, 8 ȼ
϶;m_|͹˨ɏ9, ϐĘ;βϒÝɿSͳo81.&&, m_|S
ϽĬ(l6, m;΁΄űÍ6<σȸĿBϐĘύ͙(lϐĘʄĖ (motor after-effect) 
ˉ'.Rossi 9Ll"mM;˰̩̆ɞ˵ō(l;<, f;2=GϐĘ<, ΁΂
ǁɷ̟;Ų°ǤŧSJ69, ϐĘSħɄ9Λ̙(l]Xćǘ5<8, ty\
yćǘ5lʱ5lϐĘʄĖGMm."6<, ΁΂Ų°9Ɠ(lϐĘΛȱϳ
ɏ˜9<ˉ'lķ͕ǡS˵ō&4l"mM;"6Mдf;2=GϐĘ<дľ
̂~x6ľ'ş£ȖЦ5l"6S͈ǫ(m=, ty\yϐĘćǘ5lķ
͕ǡЬmSˋ.ϐĘćǘ9Ɠ(l΁΂;Ɛ¦<, bY5JɰΉ$
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m4l (Knudsen, & Knudsen, 1989)Knudsen and Knudsen (1989) ;ƌЩ5<, bY<
 ɌÃ£6ϳɏ϶mS͹˨$m, 2=GϐĘ5<8, ľ̂;ȖЦͳĘ5
lЦB;Ϻ¤ϐĘɰΏ$m.m;͹˨ɏ϶;ϐĘβϒÝɿ<, #̶K9&
ˉ'81.m;ϽĬǔ<, Rossi ;˰̆6ľɶ9, ϐĘʄĖ΃ƒ$m.
m_|9Ll΁΂Ų°9Ɠ(lϐĘ;ИáǡM, bY;ȑУϺ¤ϐĘ<
fK~x;2=GϐĘ6ľɶ9, ty\yϐĘćǘ9Ŧ34."6ș
ƒ$mlǖ14, ]XϐĘćǘ9Ŧ3΁΂Ų°B;ϐĘβϒÝɿ<, c/ЭС
5<˳Δ$m48 
 ,"5, ɓ˰̆5<, ~x, ^l¨̂9m9Ll΁΂Ų°S , Ų°9Ɠ(l2
=GϐĘ;ЗǞϑ́Sʉζ(lty\yϐĘćǘ9Ŧ3 =, mB
;ЗǞ<, ϐĘƊ²ǔ;Ǩ΂Ǥŧ9ÖȆ*%lS8ǖ14, ϐĘ;βϒÝɿ<̶Ǫ9
όH"6³ǥ$ml ȸ5, ]XϐĘćǘM³ʠ$ml;<, ϐĘª;˩Ʉ;
βϒÝɿ5lÃ£;³ʠ9Ŧ3, ˰̆ 1 5<, ~x, ^l;ʉζSχ'4, ~x;
ty\yϐĘćǘÄΘSøɰΉ(l66J9, ^l;]XϐĘćǘÄΘ
SɰΏ(l 
 
2.2 ȸʐ 
͸ЩÐ 
 ƌЩʂ;8~x (ǡĄ¥Ɂ, 250–320 g), į@^l (l 3 ͅ, Ðϥ 525–705 g) S,m
-m 3 ͅ)2ˋ.)m;͸ЩÐJə¹Ϟ;Ƈʹȑ˃΍ķ;¤, ȑ˃$m.ÞÐ5
1. (΍ķ˓ĺ #4005)͸ЩÐ<lvldk (~x924< W 35 cm × D 30 cm × 
H 35 cm, ^l924< W 43 cm × D 60 cm × H 50 cm) 94ÞĄФ͐$m4.Ф͐
dk<ľ̂¾ÞÐ6ІNĽ14Ό͂$m4..I, ͸ЩÐ<΁΂˜, ͋΂˜9¾ÞÐ6
f{djSĳl"6ķ͕51.~x9<ʜĽФȴ6|h
x, ^l9<ytcyƌЩntjǔ9, πĒ̫Ц6&4¦Mm.ƌЩɏ
϶ª<ÞÐ9Ǟ'4͟ˍȡУɄ; 80-90% 9̫ЦϧSćϻ&., Ðϥ͟ˍȡУɄ; 
90% Sÿl"6<81.ʌ<ƌЩɏ϶ª514J, ÞĄdkö5͟ˍ9ȡĳ(l
"65.Ф͐ƍ< 21 ± 2°C 9Û.m, 8:00 ϵŽ; 13L:11D ;ʵɁhXb51
.ƌЩǶ̰, į@Ф͐xf<ǬǮ̈́ŬŵƇĘʻƌЩžŋÈ9ǹΔ$m.J;5
1. (#14077) 
 
 23 
Έʠȸʐ 
 ƌЩ̘ö5ЦSĳǗ(lΚНSˋ4, ͸ЩÐ;ʌƷБ£5;ĘSƋϧĜ&. (ś 
2.1)ƌЩ̘ö (~x924< W 35 cm × D 30 cm × H 35 cm, ^l924< W 68.5 
cm × D 62 cm × H 180.5 cm) 9ÞÐSÞĄ9Ƙð&.~x924<, Ц< 5 cm ϶Ђ5, 5 
Þ)2ń˵&.~x5<fS2=GƓΠ;Ц6&4ˋ4, ƌЩ̘ů9¨Бv
5ĳN¿ .";ƌЩΌƋ£;ˤϔ<, ~x<ȼƵ˜9şБ9ȯŞ(lУʻSυɼ˜
92=H.I, 1 2)2;Цń˵5<ЦB;2=GSώͳ&8ntjˉ'l
"6, ³ä˜ƌЩ;Ʉʱ5ăɁ&4..I51.^l;ƌЩ̘9<Цń˵ˋ;
tx (W 39 cm × D 13 cm × H 21 cm) ƌЩ̘ċϜ9Ό͂$m4.2=G
ƓΠ;Ц6&4<ˣǑ 1 cm ;smʺSˋN, Ц< 1 2)2ϩϨ9L14ŜƋ&.ʾǩ
5ń˵&.Ц;Ь$<, ~x<ƌЩ̘ƿБM 13 cm, ^l<txƿБM 
5 cm (ƌЩ̘ƿБM< 26 cm) 51.ͳĘª;͸ЩÐ;Ę<, ƌЩ̘£Ϝ (~x92
4<Ь$ 93 cm, ^l924<Ь$ 150 cm) 9Ό͂$m.~Xly^ (Gig-E 
200, Library Inc., Japan) 9LN΋ϰ&. 
 
Ƕ̰ 
 ƌЩ< 4 2;ZXm (control, prism, removal, follow-up) 5ɵǯ$m.~x< 5 Þ;Ц
S2=H;S 1 Αͳ, ^l< 1 2;ЦB;2=GS 1 Αͳ6&.1 ntj<, 
~x<ɋŵ 5 Αͳ, ^l< 20 Αͳ6&4, 1 ȼ 1 ntjͳ1.͸ЩÐ<ƌЩɏ9
ðlċ9, 20 þ́ǀ;ǶʹSĴ , ˢ;ņŚ9_|ʾ9Ēƫ&.c (~x< 2.5 g, ^
l< 3.5 g) S, Ğ˙ˋȘ˨č9LNĳN¿ .Ƕʹ<Xp (Mylan Inc., USA) 
ЮϠ¤5ͳom.c<͸ЩÐ;ˢ;ŵ$9ĽL9, wqnx5ȱǋ
&.control ZXm5<, ͸ЩÐ<mS͹˨*), _|;c;GSĳN¿ 
.ʾǩ5ЦB;2=GSͳ1.ļÞÐ 50 Ŗ;2=GϐĘS΋ϰ5lc5, control 
ZXm< 1~3 ntjͳ1.control ZXm;Ɗ²͆ȼM prism ZXmSϵŽ
&.prism ZXm< 10 ntjͳ1.prism ntj5<, ɋĂ;ntjϵ
Žˣċ9, ͞ʾ;m (|͞m, 3M Company, USA) Sc£9Ș˨č5
ΤN¿ .m<Ĺâ9 9.4° ΁΄S)M(LĳN¿ .ǖ14, ";ƌЩȥÒ
<, ͸ЩÐ9614Ĺâ9΁ϦèXVlSĴ l΁΂Ų°6&4ɺ͕(l"6ɏǒ
$m.m;ĳN¿ 9<˗G<Êo), Ƕʹ͟Ð 5 þÃö9̦o1..I, ЮϠü
͂<ȹ$81.͸ЩÐ9ĳN¿ .m<, ntj̦²ǔJΤN¿ .cc
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51.,;.I, prism ZXm;ɏ϶<, ͸ЩÐ<ƌЩŲ;ȡУK, ,;¾;ʒĘJ
m_|S .ʾǩ5ͳ1. 
 10 ntj; prism ZXmƊ²&.͆ȼ, removal ZXmSͳ1.removal 
ZXm5<, ntjˣċ9͞mSȘ˨čϽĬʙ9LN, cMĳNŲ&.
removal ZXm<, ͸ЩÐmЗǞ9LlϐĘʄĖˉ'lSɰΉ(l.I9ͳ
1.J&, 10 ntj; prism ɏ5͸ЩÐ΁΂Ų°9Ɠ&ϐĘ;ͻɿSͳ14m
=, ,;ϐĘÝɿmϽĬǔJʄlϐĘʄĖˉ'lm<, Ĺâ9΁ϦèS
)M(΁΂Ų°6&4ç.I, ϐĘʄĖ6&4, ƬâB;ϐĘΗƮŮŵ(l"6³ǥ
$m.mЗǞ9 lϐĘʄĖ<, χƵ ϑ˜8Ėɞ5N, Ʉ϶66J9ë;ϐ
Ьψ^
Ц
xt`c^
ś 2.1 ˰̆ 1 ɳ;ś. ^l<m_|S͹˨&.ʾǩ5Ц9Ŀ142=Gϐ
ĘSͳ1.~x;ƌЩ5JǶ̰˜9<ľ 51., tx£5<8, ů
9ΤN¿ Mm.Ц92=GϐĘSώͳ&. 
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Ę9ǳl;õŤ5l (Yamamoto, & Ando, 2012),"5, removal ZXm; 1 ϋ϶ǔ
9, follow-up ZXmSͳ, 2=GϐĘ control ZXm;ʌʤ9ŖǙ&4lS
ɰΉ&, ϐĘʄĖ; ϑǡS˳Δ&.ñZXm, į@ removal ZXm6 follow-up 
ZXm;϶; 1 ϋ϶SĽo*, ƌЩɏ϶< 20-22 ȼ϶51. 
 
΅ɜȸʐ 
 ~x9249<Яɴ (nose knob) į@ЛϜ9ĳN¿ .xt`c^, ^l
924<bsjª϶Ϝ, į@ЛϜ9ĳN¿ .xt`c^;ʌƷБ£; x-y 
ǁɷS, xt`cpx (Move-tr/2D v. 7.0, Library Inc., Japan) 9LNȂý&.ЛϜ;
ȓNϐĘ9L14, xt`c^ĘˎMVYx&.2=GϐĘ9
24<, ΅ɜMϽŲ&.Ȃý&.ǁɷ9<´ċ9ƷʨĜlXʐ9LNl
kcS , }XmSϽĬ&.£5, wqʱS 1% ĉG5 101 ̒þ;Ʉ϶lvt9þ
ď&.wqSɄ϶lvt9þď&.;<, ǔο(lϐĘΗƮ;ˤϷþɜSƌͳ(l
9<, ļ2=GϐĘ;wq;ϳ$ț14lǝ;l.I51. 
 ϐĘ;ǯ̼6&4, 2=GϐĘ;ǯđ˄S̗ý&.ϐĘȋɷ6&4<, Цc5;ˇǥ
˜8ϐĘβϒM;ɸȸĿ;ΗƮ (ϐĘΗƮ), į@ЛϜĆϓϐĘψǀS̗ý&.ϐĘΗ
Ʈ<, Ц9Ŀ14ˣ̵˜9ĘβϒSˇǥβϒ6&, ,"M;ύ͙6&4, Ã¤;ǶЗ
5Έ̗&.(1) 2=GϐĘϵŽɄʱ5ЛϜǁɷMЦǁɷB;ˣ̵SΈ̗(l(2) ˣ
̵6bsj (l<Яɴ) ǁɷ6;έЊS̗ý(l";ȸʐ5̗ý$m.ΗƮ<, ͸
ЩÐbsjSЦ9Ŀ14 ˣ̵9Ŀ , ˣό˜82=GϐĘSώͳ&.ŨĽ 0 9
μ3 ȸ5, ˣ̵ȸĿMbsjSύ͙$*.6, ΗƮ<Ůŵ(l 
 2=Gǯđ˄9Ϸ&4<,  ͥĜ̵ǋʜĽw (µЖþư, ktxbϷȰ) S
ˋ4, m9Ll΁΂Ų°;ǎДSɰΉ&.ZXm;Ėɞ<ƛǀʉɰƋSˋ
4ΐ×&, Ėɞɍǧ51.ŨĽ<, wq; 95% ÜМĝ϶9LNZXm
϶;ƮSɰΉ&. 
 ϐĘΗƮ924<, Ã¤; 2 2;΅ɜSͳ1.̐ 9, ϐĘΗƮm9L14
Ůŵ&.Sΐ×(l.I, ƷʨĜlX ANOVA (SSANOVA; Helwig et al., 2016) Sˋ
.SSANOVA <А̵ǋ8ȍĘS˵(wq94, ̓϶;ƮSʉζ(l.I;n
xtbw; 1 25l"mc5;Ęʻ9 lmЗǞ;ƌЩ<ϐĘ
Ɗ²Ʉ;ϐĘΗƮSΐ×(l"6ų1., ɓǶʐ8M=ϐĘªϊ̰˜9űĜ(lw
qʱ,m-m9Ϸ&4, ΗƮSɗÅ϶5ʉζ(l"65lƷʨĜ;Ж9<, wq
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;ņɏǡSÄƋ&8 3 ɼlXϷȰSˋ.";΅ɜ9LN, m9Llϐ
ĘΗƮ;Ůŵ, į@,m9Ɠ(lƇ͇ĖɞSɰΉ&. 
 ɼ9, ļwqʱ϶;ΗƮ;ˤϷÙȰS̗ý(l"65, ,m-m;̂;2=GϐĘ
]XϐĘćǘ, l<ty\yϐĘćǘ¤9l;SɰΉ&.~
x;ty\yϐĘćǘÄΘ9Ŧ3 =, ϐĘβϒĂɏ;ΗƮ6βϒǔġ;϶9
<, ЬˤϷͿMml"6³ʠ$ml8+8M, m;΁΂Ų°9LN, ЦȸĿ
Mύ͙&.βϒ5ϐĘSϵŽ(m=, ,;ΗƮ<ϐĘφª5Ýɿ$ml"6<8, ϐĘ
βϒǔɏc5Ůŵ&̰ l"6³ʠ$mlM5l ȸ5, ^l]Xϐ
Ęćǘ9Ŧ34, ΁΂Ų°9Ɠ&υɼÝɿS 4l;5m=, ϐĘβϒĂɏ;ΗƮ
6βϒǔġ;϶;ˤϷ<ƙ$8l"6³ǥ$ml8+8M, ]XϐĘćǘ¤
5<, m9LNʌƷȸĿ;ϐĘΗƮŮŵ&4J, ϐĘφª9,;ΗƮSʝƚ$*l
L8βϒÝɿ5l.I5l 
 ɋǔ9, ЛϜĆϓϐĘψǀ;ƷšàSZXm϶5ʉζ&.΅ɜ9<̵ǋʜĽw
Sˋ.ZXm;Ėɞɍǧ51.ŨĽ, wq; 95% ÜМĝ϶9LN
ZXm϶;ƮSɰΉ&.͸ЩÐty\yϐĘćǘ9LN2=GϐĘS
ώͳ&4m=, ϐĘϵŽǔ, ΁΂S¼&.ϐĘβϒ;ÝɿSͳo8.I, ϐĘψǀ<
ZXm϶5űĜ&8"6³ǥ$ml ȸ, ͸ЩÐ]XϐĘćǘSͳ14
m=, m9LNϐĘΗƮŮŵ(l6, ɿ˳8ϐĘSƌ˅(l.IψǀSͨ6(ķ͕
ǡЬǖ14, m͹˨9L14, ЛϜϐĘψǀ<¤ͨ(l"6³ʠ$ml  
 (C4;΅ɜ<, R 3.4 5ͳ1. (R Core Team, 2016) ͥĜ̵ǋʜĽw9< lme4 
tdk (Bates et al., 2015), ƛǀʉɰƋ9< car tdk (Fox, & Weisberg, 2011), 
SSANOVA 9< bigsplines tdk (Helwig, 2017) Sˋ. 
 
2.3 ̩ɞ 
 ~xM<ĽΈ 1371 Ŗ (control: 150, prism ZXmntj 1 (S1): 80, S2-4: 192, S5-
7: 303, S8-10: 75, removel: 75, follow-up: 142), ^lM< 677 Ŗ (control: 147, S1: 32, S2-4: 
129, S5-7: 123, S8-10: 140, removel: 48, follow-up: 58) ;2=GϐĘS΅ɜƓΠ6&.ș
Ƌà;ƉƋǡSĿ£$*l.I, prism ZXm<, ĂŖntjÃŲ< 3 ntj#
69c6I4΅ɜSͳ1. 
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2.3.1 2=Gǯđ˄ 
 2=Gǯđ˄;ZXm϶ș˿Sś 2.2 9˵( ͥĜ̵ǋʜĽw9Ll΅ɜ;
̩ɞ, ZXm;Ėɞ<~x, ^l6J9ɍǧ51. (~x: χ7
2 = 113.63, p < 0.001, ś 
2.2a; ^l: χ7
2 = 93.95, p < 0.001, ś 2.2b)95% ÜМĝ϶9LN control 6ṵ̌ZXm;
ƮSʉζ&.6"n, ~x5< control 6 S1, S2-4, ^l5< control 6 S1, removal ZX
m6;϶9ƮͿMm. 
 
2.3.2 ϐĘΗƮ;ʉζ 
 ZXm#6;ϐĘΗƮ;ș˿Sś 2.3 9˵(~x< S1 5Ĺâ;ϐĘΗƮŮŵ&, 
ZXmS̨l#69Ǖ9ΗƮʝƚ&4l (ś 2.3a) ȸ5, ^l5< S1 5<o
)9Ĺâ9ύ͙&4l, ¾;ZXm5< control 6;ϔ<D6T7ͿMm8 
(ś 2.3c) 
 ļZXm;lXɈ̵S control 6ƮþSĳN, ,; 95% ÜМĝ϶S˵&.̩ɞ
ś 2.3bd 5lɈ̵϶;Ʈþ; 95% ĝ϶5l.I, 0 SΫ.ĝ϶<, ̓϶5ɍǧ8
ƮƄŞ(l"6SǧŇ(l~x5<, S1 5ɋJŵĹâΗƮˉ'4.Ĺâ;
ΗƮϐĘβϒ̦ˡ98l92m4Ůŵ(læĿͿMm.prism ZXmόH9
2m4, ĹâΗƮ<ʝƚ&41.removal, į@ follow-up ZXm5< ΢&4 control 
6ʉζ&4ƬâB;ύ͙(læĿͿMm.^l5<, S1 5ĹâB;ΗƮͿMm.
 ȸ, ,mÃϺ; prism ZXm5<̟̬/1.ΗƮ<ͿMm81.";̩ɞ, ©@9, 
2=Gǯđ˄ S2 ÃϺ< control 6űoM81."6M, ^l< S2 ÃϺ, m
;΁΂Ų°9Ɠ&, ϐĘβϒSÝɿ&4.ķ͕ǡЬ&&, removal ZXm5
<̦ˡ9ƬâB;ΗƮˉ'4N, ϐĘʄĖˉ'4l"6˵ō$mlS2-4, S5-7, 
S8-10, removal, follow-up ZXm5óχ&4 control 6ʉζ&4ϐĘβϒĂɏ9Ƭâ;Η
ƮͿMm.&&, ƌЩw]S΃ƒ&.6"n, ^l<ЛϜSЦ9Ɠ&΄ǀS2 
.ʾǩ5Ŝ΁S(læĿN, ϐĘϵŽˣǔ;ΗƮ<ƬĹ70M9ПSæ 4.9
ÖƄ(lǖ14, £΋;ZXm5ͿMm.ϐĘϵŽˣǔ;ƬâΗƮ<, Έʠ;Vs
rbx5lķ͕ǡЬ 
 
2.3.3 Ʉ϶lvt϶;ΗƮˤϷ 
 ļɄ϶lvt϶;ϐĘΗƮ;ˤϷSś 2.4 9˵(~x5<DE(C4;Ʉ϶lvt
϶5, 0.7 Ã£;ΗƮ϶;ˤϷͿMm.(8o0, ~x5<ϐĘϵŽˣǔ;ϐĘΗƮ
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, ϐĘ̦ˡ;ΗƮ9ǎД&4l6͈Mml ȸ, ^l5<ϐĘβϒĂɏ;ΗƮ6
̦ˡ;ΗƮ;϶;ˤϷ, ʳˤϷ, l< -0.3 ́ǀ;ǆΡ;ˤϷͿMm.";̩
ɞ<, ϐĘβϒĂɏ;ΗƮ, ̦ˡ;ΗƮ9D6T7ǎД&48"6S˵ō(l  
 
2.3.4 ĆϓϐĘψǀ;űĜ 
 ļZXm;ƷšЛϜĆϓϐĘψǀSś 2.5 9˵(ZXm;Ėɞ<~x, ^l6
J9ɍǧ51. (~x: χ7
2 = 75.08, p < 0.001, ś 3.5; ^l: χ7
2 = 508.44, p < 0.001, ś 
2.5)&&, 95% ÜМĝ϶5 control 6¾;ZXm϶;ƮSΐ×&.6"n, ~x5< 
control 6,mÃŲ;ZXm6;϶9, )mJƮ<ͿMm81.^l5< control 
6 S1, S2-4 6;϶5ƮͿMm.";̩ɞ<, ~x<m9L14΁΂ˈŭ9Ų°
S¦Mm4JϐĘ;ψǀΛ̙Sͳo81. ȸ, ^l<ψǀSÎ¤$*4."6
S˵(&&, ^l5J S5-7 ÃϺ< control 6ƮͿMm88N, ϐĘƇ͇9LNЛ
ϜĆϓϐĘψǀë;ψǀ6ľ́ǀ9ŖǙ&4."6˵ō$ml 
 
2.4 ͈ƒ 
 ˰̆ 3 ;ˢ˜<, ~x, ^l;mЗǞƌЩSχ'4, ~x;ty\y
ϐĘćǘÄΘSøɰΉ(l66J9, ^l;]XϐĘćǘÄΘSɰΏ(l"69
1.ty\yϐĘćǘÄΘM<, prism ntj5;ϐĘβϒ;Ýɿ<
(b) 
ś 2.2 2=GϐĘǯđ˄ļ̵<ļÞÐS˵((a) ~x;wq (b) ^l;wq 
2

=
G
ǯ
đ
˄

(a) 
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̶K9ș˿(l6͈MmlĒ4, ϐĘΗƮ<, Ʉ϶lvt϶5ЬˤϷͿMm
l"6³ʠ$m. ȸ5, ]XϐĘćǘÄΘM³ǥ$ml;<, ϐĘβϒ;Ý
ɿ<ntjĂɏ5ˉ', Ʉ϶lvt϶5;ϐĘΗƮ;ˤϷ<Î8l6̩ɞ5
1. 
 ~x;mZXm5;ϐĘΗƮ<, ZXmS̨l92m4Ǖ9ʝƚ&41
. (ś 2.3a, b)";´ƌ<, ~x;ty\yϐĘćǘÄΘ6ȱĽ(l̩ɞ5
lty\yϐĘćǘ;¤5<, ϐĘβϒ;Ƈ͇;.I;Ǩ΂ðĐ<ϐĘƊ²
ǔ9ĳǗ$mlǖ14, ΗƮÝɿ<̶Ǫ98M%lS8 ȸ5, ɓƌЩ5<~x5
<ϐĘʄĖ<ͿMm81."mM̩ɞ<f5ǗMm.ˬͿ6<ıƓ51. 
(Rossi, 1968; 1968; 1971) Rossi (1968) ;˰̆5<, f<mZXm9<Ƈ͇Ė
ɞͿMm81. ȸ, mSϽĬ&.ˣǔ9<ϐĘʄĖˉ'4.^l5
2=GϐĘƊ²c5;Ʉ϶ (%) 
ϐ
Ę
Η
Ʈ


	
(a) 
(b) 
(c) 
(d) 
ś 2.3 ļɗÅ;ϐĘΗƮ(a) ~x;ļɗÅ;ϐĘΗƮ̥Ǳ<ļ2=GϐĘ;βϒ, Ŷ̵<l
XɈ̵S˵(ɿ;à<Ĺâ;ϐĘΗƮSͷ&, Ρ;à<Ƭâ;ϐĘΗƮSͷ((b) ~x
;ļɗÅ; control 6;ϐĘΗƮ;lXɈ̵;ƮþͦŪNЙť< 95% ÜМĝ϶S˵(
(c) ^l;ļɗÅ;ϐĘΗƮ̥Ǳ<ļ2=GϐĘ;βϒ, Ŷ̵<lXɈ̵S˵((d) 
^l;ļɗÅ; control 6;ϐĘΗƮ;lXɈ̵;ƮþͦŪNЙť< 95% ÜМĝ϶S
˵( 
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<m9Ll΁΂Ų°;ǎД< S1 ;G5ˉ'4. (ś 3.2b)S2 ÃϺ<, ϐĘΗƮ
924J,  ΢&.æĿ<ͿMm81. (ś 2.3b, c, d)ǖ14, ^l<~x6ʉζ&
4, ntj;ĂɏʆЀ5ϐĘβϒ;ÝɿSͳ14."6șƒ$ml 
 Ʉ϶lvt϶;ΗƮˤϷJ, ~x;ty\yϐĘćǘÄΘ, į@^l;]
XϐĘćǘÄΘ9ȱĽ(l̩ɞǗMm. (ś 2.4)~x5<, ϐĘϵŽĂɏ6ϐĘ
ǔɏ5, ǈˤϷͿMm."m<ϐĘϵŽɄ;ΗƮϐĘǔɏ;ΗƮǈǎДSįE
&4l"6SıɃ&4l^l5<ϐĘĂɏ6ǔɏ5;ˤϷ<D6T7ͿMm8
1.(8o0, ^l5<ϐĘϵŽɄ9ˉ'.ΗƮ, ϐĘǔɏ9D6T7ǎД&48
1.6͈Mml 
 ЛϜĆϓϐĘψǀ94J, ~x6^l5̂Ʈ΃ƒ$m. (ś 2.5)~x5<, 
)m;ZXm5JƮͿMm81.ty\yϐĘćǘM<, ";̩ɞ
³ʠ$ml8+8M, ]X9ϐĘ;υɼÝɿSͳo86ċȝ9̋4=, ΁
΂Ų°9Ɠ&ϐĘψǀSΛ̙(lǝʴǡ<Î.I5l ȸ5, ^l< prism Z
Xm;ċġ5ϐĘψǀ control 6ʉζ&4¤ͨ&4.]XϐĘćǘ9Ŧ3 
=, ϐĘª9ϐĘβϒSυɼÝɿ(l"6³ǥ$mlǖ14, ^l<ϐĘψǀSͨ6
("65, m9LlŲ°9ƓǞ&4."6șƒ5l 
 Ã£;̩ɞ<)mJ, ~x;ty\yϐĘćǘÄΘ, ©@9^l;]
XϐĘćǘÄΘ,m-m9ȱĽ(lJ;51."mc5, 2=GϐĘ;Ǩ΂ϐĘ
ś 2.4 ļɄ϶lvt;ϐĘΗƮ϶;ˤϷͦˤϷÙȰ;Ь$Sͷ&4l(a) ~
x;wq (b) ^l;wq 
100 100 
(a) (b) 
2=GƊ²c5;Ʉ϶ (%) 
2

=
G
Ɗ
²
c
5
;
Ʉ
϶
 (%
) 
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ćǘ<, ,;ty\yǡǈΛ$m4. (Deich et al, 1985; Delius, 1985;  
LaMon, & Zeigler, 1984)&&, ɓ˰̆M, ^l˧6bsj;ЛϜ Ðǡ6α
Ðɵω£;ć̠SîɎ&, ]XϐĘćǘ^{mSä4l"6˵ō$m
.  
ś 2.5ļZXm;ƷšЛϜĆϓϐĘψǀļʱ<ļ2=GϐĘS˵((a) ~x;
wq (b) ^l;wq 
Л
Ϝ
Ć
ϓ
ϐ
Ę
ψ
ǀ
 (c
m
/˽
) 
(a) (b) 
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ì 3 ê Þç 2: ƸƪƾƴƣǊƬƃä<ËĭĦƂŤŪƔĶ<6~ǆƢƶƭǅ 
3.1 ÚÙ: ƢǊƬƃơǐǊƜǐĶ<6~ƃºăƃ¶Ĝ 
ś Þç 1 ťƒ, ƢǊƬƄŻšƅƌĶ<ƂŤšŽơǐǊƜǐĶ<6~ǆƢƶƭǅƘÓšŽšƔŬſŦ
àOŮƕŷŝơǐǊƜǐĶ<6~Ƅ, ƢǊƬƃŖÒƘŀƌƔſ, h<ËƐ¦ĊƁƀƃ<ŨfĤ
ËƘŔűƔňƃǆƢƶƭǅſůŽºăůŽšƔŬſŦ
ŮƕƔŝŵŬž, Þç 2 žƄ, Ƹƪƾƴƣ
ǊƬŦä<ËƘĭĦűƔňƃŻšƅƌĶ<ƘĖ²űƔŬſž, ơǐǊƜǐĶ<6~ƃºăƘñ
µűƔŝĭĦŻšƅƌĶ<ƃ ÑǇƳǌƘéŽ, ċ<bŘƳǒƯťƒƺǊǆǒƯaƘċŢǇƳ
ǌǀǒƬĖ²ƃÂƘÓšƔŬſž, ŻšƅƌĶ<Ŧ, fĤËƃƘŦťƓƂ, ƀƃƑŢƂ6~
ŮƕŽšƔƃťƘ¶Ĝůŷŝ:ţŽ, ơǐǊƜǐĶ<6~ſƽƛǒƵƽƠǏǒƵĶ<6~Ƅ, Ù
ƁǆƢƶƭǅžƄƁšŷƎ, ĀƘš1ŪŽšƔEăƏÿţƒƕƔŝb, ƻƴƃ5ĸĶ<Ƃ
Ƅ, ǆƢƶƭǅŦºăůŽšƔ (Desmurget, & Grafton, 2000; Matsui et al., 2017; Sarlegna, & 
Mutha, 2015)ŝŵƕ, ¯ÞçžƄǆƢƶƭǅƘKƍ ÑǇƳǌƘéŽ, ËƃırƘ°
űƔŬſž, ŻšƅƌĶ<Ƙ, 2 Żƃ6~ǆƢƶƭǅƃĽƌżŪƃZ=ſůŽĚĬů, ¶Ęůŷŝ 
ś ƽƛǒƵƽƠǏǒƵĶ<6~ƂƑƓfĤËƂ5ĸűƔƂƄ, fĤËƃýƘĆĨƃĶ<s¹
ž
ÅűƔĐŦŠƔŝƸƴƘÓš, ä<ËĭĦƘ¶ĘůŷÞçžƄ, ƸƴƃŻšƅƌĶ<ƃƽ
ƛǒƵƽƠǏǒƵŦČƕŽšŷ (Wilkinson, & Kirkpatrick, 2009; 2011)ŝWilkinson and 
Kirkpatrick (2009) ƄƸƴƘfĤƂ, ơǁǊǐƴîƃǇƶƯǒƂLàŮƕŷ¹Ù7ÆƘŻšƅƍ
ƑŢƂęüƘ£ů, ŻšƅƌƃèŁÙğmƃ1²Ƙċźŷŝ÷´, ƸƴƃŻšƅƌýƄ, ¹Ù7
Æƃä<¢JƂ&źŽÒŰŷŝŬƃ÷´ťƒ, ƸƴŦĶ<¢JƘ
ÅůŽŻšƅƌĶ<Ƙĵċů
ŽšƔŬſŦ3¨ůŷŝƸƴƃŻšƅƌŦƽƛǒƵƽƠǏǒƵĶ<6~ƂŠƔŬſƘÿűƕƅ, 
Ŭƃ÷´ƄHÑÙžŠƔŝƁŴƁƒ, ƽƛǒƵƽƠǏǒƵĶ<6~ƃžƄ, ŖƃĭĦƂŻšƅ
ƌĶ<ƃ#¼ƄċƗƕƁšŷƎ, ä<űƔŖƃƃŷƎƂƄ, Ŗƃg±ƃýƂJťźŽä
<űƔĐŦŠƔŷƎžŠƔŝ{ùÞçžƄ, ä<ËƃĶ<ırƘZ=ŮųƔŬſž
ÅEă
ƘůŷſŬƖ, 
ÅƃšËƂfůŽƄŻšƅƌ9ÎŦĉűƔſšŢ÷´Ŧ}ƒ
ƕŽšƔ (Wilkinson, & Kirkpatrick, 2011)ŝfĤËƃ
ÅƂVżŨĶ<Ƅ, ƻƴƃ5ĸĶ<, ƴǐǂ
ƐƨƝǇǋƃĭĦŔċ<ƂƏđƒƕƔ (Fujioka et al., 2016; Mischiati et al., 2015; Zago et al., 
2009)ŝ 
ś ¢, ơǐǊƜǐĶ<6~žƄ, 
ÅƄĐƁŨ, Ķ<Ƃį»ÙƂfĤËƃ<ŧƂHƗų, 
ĭĦűƔŬſŦžŧƔŝ@óƂƄ, į»ÙƂfĤËſĆĨƃĴċ¢JƃĕrƘÝĔů, ŵ;΄ǀ
ΗƮS̻IlL8ϐĘ^{mǥƋ(l"65l (pure persuit; Ã¤, ģ̡π
ή)ģ̡πή<, X[[ (Musca domestica; Land, & Collett, 1974), Vjz_[ 
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(Poecilobothrus nobilitatus; Land, 1993), ~Y (Cicindela tranquebarica; Haselsteiner  et 
al., 2014), us (Apis mellifera; Gries, & Koeniger, 1996) ;πήϐĘ5ŧŅlȿͱ
<ƚ8˹̨̟5πήϐĘSƌ˅&868M8.I, ģ̡8^{mϷ¦&4
l6͈MmlÕŲ6&4ƴǐǂƄ, ŔfĤƃ<ŧƃ.ĻǇƳǌſůŽ·ů, Ĵċ¢JƘ

ÅůŽšƔEăŦ, ċ<bŘťƒàOŮƕŽšƔ (Mischiati et al., 2015)ŝ 
ś @óĭĦſƄ×ƁƔĭĦĶ<ǆƢƶƭǅſůŽƄ, aćħÂƘūƔŬſŦžŧƔŝŬƃǆƢƶ
ƭǅƄ, fĤſƃĕrƘaƂ!ŻƑŢ¤PĶ<ƘċŢŬſž, īűƔŝaćħÂƘÓšŷĭ
ĦƂŻšŽƄ, ƨƝǇǋ (Ghose et al., 2006; 2009), ƯƢ (Kane et al., 2015), ƸǈƾƩ (Falco 
peregrinus; Brighton et al. 2017), x (Fajen, & Warren, 2007) 5ŧŅlȿͱ5<, V 
(Eristalis saphirina; Volucella pellucens; Collet, & Land, 1978) 6x (Combes et al., 2012; 
Olberg et al., 2012) ;˰̆Sȍ!l"65laćħÂƄ, bĎŦc©ž, ;ÎÙƁ¢
ÂžŠƓ, ÓſůŽƄǄƩƜǌƃ¤PĶ<ƂƏÓšƒƕŽšƔ (Shneydor, 1998)ŝƴǐǂƄ, 
.ĻǇƳǌƂVżŨ
Åƃ, aćħÂƘ4ÓůŷĶ<ƃį»#¼ƘċźŽšƔŬſŦàOŮ
ƕŽšƔŝ  
ś @óĭĦſaćħÂƘÛ¿Ī¶Ęůŷ<ËÞçƂƄ Fabian et al. (2018) lǐM;
˰̆5<,  ˔8l~[SȑУ(l 2̂;~[Sˋ.˕ÌЦ9Ɠ(l~[;πήϐĘ;
βϒ9Ɠ&, @óĭĦſaćħÂŵƕŶƕƂŻšŽwl΅ɜSͳ1.lπή
ϐĘ9"mMи2;^{m;)m¼Ş&4lSΛCl9<, ȸĿʏƋ9ˋ
Mm4lǤŧ;ϔ9˨ˢ&4ʉζɰΉ(m=L (ȸʐ 3.2 ĭʵ)ģ̡πή<, ƓΠ
ʻ;Ŀ6͟α;ϐĘ;Ŀ6;΄ΗƮSÎʝ(lL9ȺŖ(l^{m5l"
m9Ɠ&4 Ƌͤίʐ<, ƓΠʻ6͟α;ϐĘ6;΄ΗƮ5<8, ,;Ʉ϶űÍ5l΄
ψǀ9ʉÕ&4ȺŖ(l^{m5l8+8M, ";L9Ę"65, ƓΠ6;΄
ǀ Ƌ;6, ͟α;ȺŖϐĘˉ'8M5l2 2;ϐĘ^{m9 l
ȺŖϐĘˉǯ;ϔSJ69, ~[;πήϐĘSwl΅ɜ&.̩ɞ, Fabian M<, 
~[;πήȑУϐĘ<,  Ƌͤίʐ;^{m¼Ş&4l"6S˵ō&. 
ś ƢǊƬƃŻšƅƌĶ<ƃơǐǊƜǐĶ<6~ƂVżŪƅ, fĤËƃä<¢JƂJťźŽį»Ù
Ķ<ƃĩķ#¼ƘċŢŬſŦ
ŮƕƔŝůťů, fĤËƃä<ırŦıŨ, į»ÙĶ<#¼ƂƑ
ƔơǐǊƜǐ6~žƄŦŁƂHƗƁšXHƂƄ, fĤËƃýƘ
ÅůŽűƔĐŦŠ
Ɠ, ƽƛǒƵƽƠǏǒƵ6~ƂƑƔƂ2Ɠ¬ƗƔ (ŠƔšƄĽƌŪŦYű) ŬſŦ
ŮƕƔŝ
ŵŬžÞç 2 žƄ, ƃ 2 ŻƃǋƩǒƱƥƟƲƪǉǐƂDƓõƍŝìƂ, ŻšƅƌfĤƃŖƃ
ırƘűƔŬſž, ơǐǊƜǐĶ<6~ſ
ÅÙƁƽƛǒƵƽƠǏǒƵĶ<6~ſƃ2Ɠ¬ţ
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ÓƃEăƘ¶ĜűƔŝƢǊƬŦ6~¸tƘÓůŽšƕƅ, ŻšƅƌĶ<ƃ6~ǆƢƶƭǅ
Ŧ, fĤËƃır§ƂŰŽ, »ìƂ, ơǐǊƜǐ6~ťƒ, 
ÅÙƁƽƛǒƵƽƠǏǒƵ6~Ƃ
2Ɠ¬ƗƔŬſŦ
ŮƕƔŝìƂ, ]XϐĘćǘģ̡πή, l< Ƌͤίʐ
9Ŧ34l;SɰΉ(l 
 
3.2 ¢Â 
čŘ 
ś ƸƪƾƴƣǊƬƘ 3 $ÓšŷŝbŘƂÓšŷ$Ƅ, ŬƕƋžáÙÜÓbŘ (Izawa, & 
Watanabe, 2008), ƇƂķ-ÓbŘ (Kanai et al., 2014) ƂA:ůŷk½ŦŠźŷŝŕāƿǎƴ
ƨǌƄ, Þç 1 ſI¸žŠƔŝ¯ÞçƃÚÙƄ, čŘŦơǐǊƜǐĶ<6~Ƙ®ůŽšƔƃŦ8
žŠƔŷƎ, ƸƴƄÓšŲ, ƢǊƬƃƌƘčŘſůŷŝ 
 
ėÅ¢Â 
ś ŻšƅƌfĤƃŖƘä<ŮųƔĎýƘůŷ (S 3.1)ŝä<ĎýƂƄÐÍƃƱǒƭÊ (Ûz 
1 cm) ŦDƓŪƒƕŽŤƓ, ǍǒǌƘÀp¢JƂä<űƔƑŢěaůŷ (S 3.1a, b)ŝä<ðR
Ƅ 30 cmžŠźŷŝǍǒǌƃëƋžĎýŦä<űƔſ, ĎýƄĮ¢JƂä<űƔƑŢƿǎƦǊǅŮ
ƕŽšŷŝűƁƗŹ, ƢǊƬťƒđŽ, ŖƄlFƂCä<ƘűƔƑŢƁžŠźŷŝĎýƃä
<6~ƂƄ Arduino UNO (Arduino, LLC, USA) ƘÓůŷ (S 3.1b)ŝ 
ś ĎýƄbŘî (W 60 cm × L 63 cm × H 45 cm) .ƂěýůŷŝƢǊƬƘ*ƕƔƨǐƺǒƴǆǐƴ 
(W 40 cm × L 43 cm) ťƒĎýƂJťźŽ8ŋƂƄ, ƢǊƬŦĎý'Ƃ*űƔŬſƘŃũƑŢ, ƺ
Ʒǌ (H 45 cm) ƘěýůŷŝƺƷǌƂƄ 9 cm ƃƬǋƲƴÍƃŇŁŦěŪƒƕŽŤƓ, ƢǊƬƄŵƃ
ŇŁťƒŖƘŻšƅƍŬſŦžŧŷŝƢǊƬŦŖƘŻšƅƍĶ<Ƙ, bŘîĻƂěýůŷƸƜƬ
ƼǒƵƢǆǊ (300 frame-per-second, Gig-E 200, Library Inc., Japan) žĚĿůŷŝÞç 1 ſI¸Ƃ, 
ƢǊƬƃŏĻ, BƇƥƱƹƪƂƴǊƲƤǐƦǃǒƢǒ (ò W 1 cm × D 1 cm) Ƙ 2 ÈDƓŪŷŝ 
 
ùŧ 
ś Ŗƃä<ırŦ×ƁƔ 3 ° (9, 15, 30 cm/sec) ƘěŪŷŝG$ƂŻŧ 1 ¥ 24 Ğċ, G°
Ƙ 4 ĞċŭſƂċźŷŝ°ƃŎqƄƢƝǐƯǒƹǊǐƬƘſźŷŝä<űƔŖƈƃ 1 PƃŻšƅ
ƌĶ<Ƙ 1 ĞċſůŷŝšŲƕƃčŘƏHė 3 ¥Łċš, G° 24 Ğċ, Hė 72 Ğċċź
ŷŝ 
 
 35 
Ė²¢Â 
ś Þç 1 ſI¸Ƃ, ŏĻ, BƇƥƱƹƪƂƴǊƲƤǐƦǃǒƢǒƘDƓŪ, ƴǊƲƤǐƦƮƽƴƝƞƚ 
(Move-tr/2D v. 7.0, Library Inc., Japan) ƘÓšŽÀpŋƃ x-y s¹Ƙ0ůŷŝŻšƅƌĶ<
ƃaþƄŏĻĶ<ƃĥ^ťƒŖƈƃ5ĸƋžſůŷŝ  
  ś Ķ<`ÙÌƘ°Łž¿ĪűƔŷƎ, }ƒƕŷýs¹ťƒ, ŏĻƃĶ<ırſĕırƘ
í0ůŷŝĶ<ırƄ<Õ.žĳùűƔ<Õ 2 ƽǍǒǅƂŤŪƔs¹ƃä<ľťƒí0ůŷŝ
ĕırƄŏĻťƒƥƱƹƪƂƍťǀƥƴǌƂŻšŽ, ĳùűƔ 2 ƽǍǒǅŁƃZĕťƒí0ů
ŷŝZ Ƃfů, °ŁžmŦđƒƕƔťƘûxÃHǇƳǌƂƑƓ¶ĘůŷŝǊǐưǅ;´ƂƄ$
mƘaůŷŝǇƳǌƃ®Ƅjr¿¶aƂƑƓĝůŷŝ°ƃ;´Ŧ®žŠźŷX
ś 3.1 (a) ƌЩ;l`śЦ<´ċ9c$m.ψǀ5śª;ţˣȸĿ9˿
Ę(l^l<ltxMЦS2=H"65l(b) ƌЩ͹͂;ú˦Ц<
ϩϨ;í9ĳN¿ Mm4N, aV;Ŗδ9LNϩϨ£S˿Ę(l(c) ƌЩ
͹͂6, ЦS2=H^l;ϊ̰ú˦(d) w5ˋ.΄ΗƮ;rXVcΩ
ʱ<Ц;Í͂S˵(< lɄʱM; ˽ǔ;Ɨɘ;ɄʱSǧŇ(l 
(a) (b) 
(c) (d) 
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H, ƺǊǆǒƯƃ 95% "Ő>ŁƘaů, °Łƃ¿ĪƘċźŷŝŖD}ƃ9ÎƂŻšŽƏ, 
ûxÃHǇƳǌ (ō1n, ǎƫƲƴǋǐƥ) ƘÓšŽI¸ƃĖ²Ƙċźŷŝ 
ś ĭĦĶ<ƃǆƢƶƭǅſůŽŜ)ĬůŷŞ@óĭĦşŤƑƇŞaćħÂşƃǓŻƘaůŷŝŵƕ
ŶƕƂfűƔ ÑǇƳǌƄƃİƓžŠźŷŝ 
 
@óĭĦǇƳǌ 
ś GªÈƃĕĶ<ƘĚĬűƔŷƎ, ƂĚĬűƔǇƳǌƘÓšŷ (S 3.1d)ŝƁŤǇƳǌƄ, 
Fujioka et al. (2016) ƃƨƝǇǋƃœċŔǇƳǌƘZůĺÓůŷŝ 
 !"!# = %& (()*+(,-.//01#) + 4)*+(,5))ǑǑǑ(1) 
 ( = )*+(6)7, 4 = 89)(6)7 ǑǑǑ(2) 
 !"!#  ƄƢǊƬƃĕĶ<Ƙàů, šƗƅÀpŋžƃ¤PĶ<ƘNűƔŝ,8:;;<+= ƄŠƔªÈƃƥƱ
ƹƪťƒŏĻƂJťŢǀƥƴǌſŜŏĻťƒŖƈJťŢǀƥƴǌƃƁűĕžŠƔŝŬƃĕƄ, ŖƂJ
ťźŽÛûÙƂĶ<ůŽšƕƅ 0 ƂīżŨŷƎ, ğmſůŽţƔŬſŦžŧƔŝ,> ƄÏTƃƥƱ
ƹƪťƒŏĻƂJťŢǀƥƴǌſ > ms {ƃŏĻťƒŖƂJťŢǀƥƴǌƃƁűĕžŠƔŝŻƋƓ, ,>
Ƅg±ƃŖƃýƂfűƔğmƘČůŽšƔŝ 
ś ƢǊƬŦơǐǊƜǐĶ<6~ƂVżšŽŖƃĭĦƘĵċůŽšƔƃžŠƕƅ, ŠƔªÈžƃ
ŖſĆĨƃƥƱƹƪ¢Jƃğm ,8:;;<+= ƘhŮŨűƔƑŢƂĕırƘĢïűƔŬſŦ
ÅŮƕƔŝ
ƢǊƬŦg±ƃŖƃýƘ
Åů, ŵƃýƂJťźŽä<ůŽšƔƃžŠƕƅ, ,> ƃğmƘh
ŮŨűƔƑŢƂĕırŦĢ¡ŮƕƔŬſŦ
ÅŮƕƔŝŬƕƒ 2 ŻƃğmƃƀŹƒƘÄiŮųƔĶ<
6~ƘċŢťƘÁaűƔĽƌŪƺǊǆǒƯŦ (, 4 žŠƔŝ6 Ƅ (2) ƃ6òƃ, (, 4 ƘĒaű
ƔŷƎƃƸƜƺǒƺǊǆǒƯžŠƔŝ? ƄğmÄƃŷƎĕĶ<ƃårƘÁƎƔĢ¡ƺǊǆǒƯſ
ůŽºăűƔŝ 
ś ǇƳǌ (1) Ƙ, bƳǒƯƃĕırƂfűƔwŽƄƎƘċš, ƺǊǆǒƯ ?, 6 ƘaůŷŝaƂ
ƄǀƜƭøėǇƳǋǐƦƘÓůŷŝǇƳǌ (1) ƂłůŽ,  ƃƑŢƁğm·ĲƘaů, ƺǊǆ
ǒƯaƘċźŷŝ @AB)< = 1?89+D ((89+D)*+(,8:;;<+=) + 489+D)*+(,>))ǑǑǑ(3) (89+D = )*+(689+D)2ǑǑǑ(4) 489+D = 89)(689+D)2ǑǑǑ(5) 
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,· ∼ H9;IBJ(@AB)<, ?DB=B)ǑǑǑ(6) 689+D ∼ L+*M9;I(0, O2)ǑǑǑ(7) ?DB=B ∼ L+*M9;I(0,∞)ǑǑǑ(8) 
 
°Łž  6 ƃ%Ŧ×ƁƔťƘ¶ĘűƔŷƎ, ƺǊǆǒƯƘ°ƂƑźŽZ«ůŽšƔ (3-5)ŝ,·  
ƄbƳǒƯƃĕıržŠƓ, ¼Ē1nğmƘaůŷ (6)ŝ689+D, ?89+D ƃ81nƂƄ¸1
nƘÓšŷ (7-8)ŝ(7) ƃ¸1nƃðRƘ [0, R7] ſůŷƃƄ, ŬƃðR[žƄğmƘY\ŮųƔ
ĆÉƁĶ<ŦKƋƕ, ŵƕƒƘņ[űƔŷƎžŠƔŝ 
ś > ƏaƃfĤſůŷŝǇƳǌƄ > Ƅb žŠƔŦ, bňƃƳǒƯƄřıƢǆǊ (300 fps) ž
yůŷŉÙƁƳǒƯžŠƔŝŵŬž, ƽǍǒǅƘ 1 ³ŲŻŲƒůŽ ,> Ƙėíů, G ,> ŭſƂf
 jrƘėíůŷŝf jrŦ­\ƂƁƔ ,> ƘđŻŪ, ŵƃ%Ƙ > ƃa%ſůŷŝ 
 
aćħÂǇƳǌ 
ś aćħÂƂŻšŽƄƃǇƳǌƘéŽŷŝ 
D,D= = 1? (()*+(D,8:;;<+=D= ) + 4)*+(D,>D= ))(9) 
 
ǇƳǌ (1) ſƃĹšƄ, ƢǊƬƃĕırƘÁƎƔƃŦ, ĭĦfĤſƃŁƂžŧƔĕğmžƄƁŨ, ŵ
ƃĕıržŠƔÈžŠƔŝƺǊǆǒƯ α, β Ƅ, ÏTſg±ŵƕŶƕƂfűƔĽƌŪžŠƓ, ǇƳ
ǌ (1) ſI¸	α = sin(ϕ)7,	β = cos(ϕ)7 ƃ6òƘýšŷŝθ, σ, ϕ ƂŻšŽƄǇƳǌ (1) ſIž
ŠƔŝ 
ś ǇƳǌ (9) ƃwŽƄƎƂƄ, ƃƑŢƂğm·ĲƘaůŷŝ @AB)< = 1?89+D ((89+D D)*+(,8:;;<+=)D= + 489+D D)*+(,>)D= )(10) (89+D = )*+(689+D)2(11) 489+D = 89)(689+D)2(12) ,· ∼ H9;IBJ(@AB)<, ?DB=B)(13) 689+D ∼ L+*M9;I(0, O2)(14) ?DB=B ∼ L+*M9;I(0,∞)(15) 
ś t (10) Ƅt (3) ƘaćħÂƂZůŷƏƃŠƔŝŵƕ[ƃt (11-15) Ƅ@óĭĦǇƳǌ 
(4-8) ſIžŠƔŝ 
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ś ƃǇƳǌƃƺǊǆǒƯƘ, Z1ǀƜƭÂƂƑƓaůŷ (Carpenter et al., 2017; Kucukelbir et 
al., 2015)ŝGƺǊǆǒƯƂŻšŽ 1000 $ƃ{ƩǐƿǌƘÓšŽ, ģƂ4Óůŷŝ@óĭĦǇ
ƳǌſaćħÂǇƳǌƃǇƳǌ¿ĪƂƄ, ǀƜƭƽƙƥƯǒ (Bayes Factor; BF) ƘÓůŷŝǀ
ƜƭƽƙƥƯǒſƄ, 2 ŻƃǇƳǌjr¿ťƒí0ŮƕƔ¹žŠƓ, øėǇƳǌƃßťƒůŮƃ¿
ĪƂƗƕƔŝŬƃ%Ŧ 1 ƃſŧ, ǇƳǌŁžwŽƄƋƓƂmŦƁšŬſƘNűƔŝĈƂ 3.2 
žm (Substantial) Ƙ	užŧ 10 ž¢ƃǇƳǌƘvŨů (Strong), 100 žÁ
aÙƁm (Decisive) ſůŽĖļŮƕƔ (Jeffreys , 1961; Kaas, & Raftery, 1995)ŝƃ1²ƂŻ
šŽ, øėĖ²ƂƄ R 3.4 ƘÓšŷŝĈ=ûxÃHǇƳǌƂƄ lme ƺƲƧǒƫ, jr¿¶aƂ
Ƅ car ƺƲƧǒƫ, ǀƜƭaƂƄ rstan ƺƲƧǒƫƘÓůŷŝ 
 
 
3.3÷´ 
ś Hė 179 Ğċ (9 cm/s ° 54 Ğċ,   15 cm/s ° 62 Ğċ, 30 cm/s ° 63 Ğċ) ƘĖ²f
ĤſůŷŝŖƃƂ]ůŷĞċƄG° 1 (1.85%), 4 (6.45%), 13 (20.6%) ĞċžŠźŷŝû
xÃHǇƳǌ (ō1n, ǎƫƲƴǋǐƥł ) ƈƃjr¿¶aƃ÷´, ır°Ƅ®Ƃ9Î
ƂyŌƘţŽšŷ (χ2
2 = 9.56, p < .01)ŝƺǊǆǒƯƃ 95% "Ő>ŁƘÓšŽ°Łƃ¿ĪƘ
ċźŷ÷´, 30 cm/s °ſŵƃƃ°ƃŁƂ®mŦđƒƕŷŝ|źŽ, ır°ƄĭĦ
ƃQŊŮƂyŌůŽšŷſÿţƒƕƔŝƁŤ, 9, 15 cm/s °žƄ]ĞċŦiƁšŷƎ, 
ƃĖ²žƄ9ſ]Ğċ+ŽƃƳǒƯƘKƎŷĖ²Ƙċźŷŝ 
(a) (b) 
ś 3.2ļɗÅ9 lЛϜ;ĆϓϐĘψǀ (a) L@΄ψǀ (b)̘?!ś<, Αͳʈ
;ƷšàSë9Òǯ$m. 
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3.3.1 ŏĻĶ<ırǑĕırƃ°Ł¿Ī 
ś ŏĻĶ<ır, BƇĕırĶ<ƃpU%Ƃfů, ûxÃHǇƳǌƘwŽƄƎŷŝǇƳǌƂf
űƔjr¿¶aƃ÷´, ŏĻĶ<ırƂŻšŽƄ, ır°ƃ;´Ƅ®žƄƁťźŷ (χ2
2 = 
0.48, n.s.)ŝĕırƂŻšŽƏ®žƄƁťźŷ (χ2
2 = 1.48, n.s)ŝ 
 
3.3.2 ǇƳǌ1²ƃ÷´ 
ś @óĭĦǇƳǌƂŤŪƔG°ƃ 6 ƃ{pU%Ƅ, 9 cm/s °žƄ 1.45, 15 cm/s °ž
Ƅ 0.65, 30 cm/s °žƄ 0.02 žŠźŷŝ{Ʃǐƿǌťƒ 95% "Ó>ŁƘ·ůŷſŬƖ, G
°ƃŁžĽďƄđƒƕƁťźŷŝƺǊǆǒƯ 6 Ƅ O 2 ƃſŧ ( = 1, 4 = 0 ſƁƓ, ÏTƃĕğ
mƂVżšŽŏĻ¢JƘÁaůŽšƔŬſƘNűƔŝ¢, 6 Ŧ 0 ƂīżŨƊƀ, g±ƃŖƃ
ýƂVżŧĕĶ<ƘĵċůŽšƔŬſƘNűƔŝǖ14, ψψǀɗÅD7, ˅ŞLNJƗɘ
;΄ΗƮ9ϥG¿ 4, 2=GϐĘćǘ$m4l"6˵ō$m.> ;à<, 0.14 
˽5ɋJǊ4<cNL81.³ʠЖw;ȨŐ9Ɛ¦&4l;SΛCl.
I9, Ǆ (3) ; 4 S 0 9ŜƋ&,  ÿ;³ʠS&8"6SÄƋ&.w6Ǆ (3) ;w
SXmrbq9LNʉζ&.6"n, Ǆ (3) ;wȖȀ$m. (BF > 100) 
   Ƌͤίʐw;ļɗÅ; 6 ;´ǔƷšà<, 9 cm/s ɗÅ5< 1.45, 15 cm/s ɗÅ5< 
0.65, 30 cm/s ɗÅ5
ś 3.3ļɗÅ9 l (a) ģ̡πήw (b)  Ƌͤίʐw;q φ ;´ǔ
Ʒšà[< 95% Üˋĝ϶S˵(φ<àŵ m=˅Ş;ΗƮ9Ŧ3
4΄ϐĘćǘ$m, 0 9μ3 =ƓΠ;Ɨɘ;Í͂9Ŧ3.ϐĘćǘ8$m4
l"6SǧŇ(l˱̵< π/2 S˵&, ˅Ş6Ɨɘ; θB;ϥG¿  α=β=0.5 68
lʱ5l 
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< 0.02 51.95% Üˋĝ϶<,  30 cm/s 6,;¾ 2 2;ɗÅ;϶5ϥͽ&481
.(8o0, 15 cm/s ɗÅ5<, ˅Ş5<8Ɨɘ;Ц;Í͂9Ɠ&4ϥG¿ .2=
GϐĘ;³ʠ˜8ćǘͳom4l"6˵ō$m.ģ̡πή6ľɶ,  Ǆ (10) ; 4 S 
0 9ŜƋ&.w6, Ǆ (3) 9ǖ1.wSʉζ&.̩ɞ, Ǆ (3) 9ǖwȖȀ$
m. (BF > 100)ɋŵƛǀ; > ;à< 0.06 ˽51.ģ̡πή6 Ƌͤίʐ;wS
ʉζ&.6"n,  ƋͤίʐwȖȀ$m. (BF > 100) 
ś  
3.4 ÿe 
ś ¯ÞçƃÚÙƄ, ƢǊƬƃĭĦĶ<6~ƃċ<ǆƢƶƭǅƘ¨ƒťƂűƔŬſžŠźŷŝ|±, 
ŻšƅƌĶ<ƃ6~ǆƢƶƭǅƂłűƔÑĖƄ, ƏźƆƒƸƴƘfĤſůŷÞçƂƑźŽĴƎƒƕ, 
ŻšƅƌĶ<Ƃĩķ#¼ƘċƗƁšƽƛǒƵƽƠǏǒƵĶ<6~ƂƑƓĵċŮƕŽšƔſÿţƒ
ƕŽŧŷ (Delius, 1985; Wilkinson, & Kirkpatrick, 2009; 2011)ŝůťů, Þç 1 ťƒ, ƢǊƬƄơǐ
ǊƜǐĶ<6~ƂVżŧ, ŻšƅƌĶ<ƃĩķ#¼ƘċźŽšƔŬſŦàŮƕŷŝÞç 2 žƄƢ
ǊƬƃơǐǊƜǐĶ<6~ƃºăÙþƘ¶ĘűƔſſƏƂ, 
ÅÙƁƽƛǒƵƽƠǏǒƵĶ<6
~ſƃÓEăƘ¨ƒťƂűƔŬſžŠźŷŝơǐǊƜǐŤƑƇƽƛǒƵƽƠǏǒƵƂƑƔ6~ǆƢ
ƶƭǅƄ, ĭĦfĤƃĶ<ırƂŰŽÜfÙƁºă, űƁƗŹ, ĽƌŪŦZ=űƔſĠƘ
éŽŷŝŬƃĠƘ¶ĜűƔŷƎƂ, ä<űƔŖƘĭĦűƔƢǊƬƃŻšƅƌĶ<ƂŻšŽ, Ůƒ
ƂǓŻƃ×ƁƔơǐǊƜǐ6~ǆƢƶƭǅŞ@óĭĦÂşŞaćħÂşƘaů, ǇƳǌǀǒƬƃ
1²ƂƑźŽ, ċ<ǆƢƶƭǅƃIaƘĞƌŷŝ 
ś øėǇƳǌ (3, 9) 1²ƃ÷´, ŖƃırŦ 30 cm/s °žƄƺǊǆǒƯƃa% 6 Ŧĉů
ŷŝŬƃ÷´Ƅ, ƢǊƬƃŻšƅƌĶ<ŦĭĦfĤƃg±ƃýſƃĕğmƂVżšŽ
ÅÙ
Ƃ6~ŮƕŽšŷŬſƘàOůŽšƔŝƁŴƁƒ, t (3) ƃ 6 ƃ%Ŧ O/2 ≈ 1.57 ƃſŧ, Żšƅƌ
Ķ<ƄÏTƃŖƃýſƃĕğmƂVżšŽĢ¡Ůƕ, 6 = 0 ƃſŧ, g±ƃŖƃýſƃĕğ
mƂVżšŽĢ¡ŮƕƔťƒžŠƔŝŝãı 9 cm/s °žƄ, ŻšƅƌĶ<Ƅ, g±ƃŖƃý
ſƃğmƄ¾ƀdųŲ, ÏTƃŖƃýƂfűƔğmƂVżšŽĢ¡ŮƕŽšŷŝãı 15 
cm/s °žƄ, ƃ 2 Żƃ°ƃŁårƃa%ſƁźŷŝƃ÷´ťƒ, <Ũ¹ÙƂfű
ƔƢǊƬƃĶ<Ƅ, ¹ÙƃırŦıŨƁƔƂŻƕ, ÏTƃŖƃýƂVżŨơǐǊƜǐ6~ť
ƒ, »ìƂ, g±ƃŖƃýƃ
ÅƂƏſżŨƽƛǒƵƽƠǏǒƵ6~ƂĽƌŪƘZţƔ6~Ŧ
ċƗƕŽšƔŬſŦàOŮƕŷŝ 
ś @óĭĦǇƳǌſaćħÂǇƳǌƃ¿ĪžƄ, aćħÂǇƳǌŦŮƕŷŝǇƳǌ
ƃĹšƄ, ÄŮųƔƉŧğmƂŠƔŝ@óĭĦžƄ, ĆĨƃĴċ¢JſfĤËƃý¢Jſƃ
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ƁűĕƘÄiŮųƔƑŢƂĭĦĶ<Ŧ6~ŮƕƔŝ¢, aćħÂžƄ, fĤËBƇĆĨƃ
ýZ=ƂƑƓÒŰƔĕırƂVżšŽĶ<Ŧ6~ŮƕƔŝúąťƒĄƃ»ƃēĔW/Ñ
žƄ, úąƂŤŪƔýZťƒfĤËƃĶ<Ƙ¶0űƔº·Ŧ(ƗźŽšƔŝţƅ, ƢƟ
ǌƃúąâöïôĂƄĕır_ÙƂØÇů, ŵƕƂƑƓŔfĤƃĶ<Ƙ¶ÝůŽšƔ 
(Finkelstein, & Grusser, 1965)ŝaćħÂŦ, ;ÎƃřšĭĦǆƢƶƭǅžŠƔŬſƘÿű
Ɣſ, ƢǊƬƃ»ēĔW/ÑƂŤšŽƏ, aćħÂŦbĎŮƕŽšƔEăŦŠƔŝ 
ś fĤËƃırƂŰŷơǐǊƜǐŤƑƇƽƛǒƵƽƠǏǒƵ6~ƃĽƌŪĢ¡ŦċƗƕŲſƏ, 
@ƂıŨä<űƔfĤËƂƄĭĦĶ<ƃırƘūƔƁƀ, Ķ<ĆƘZ=Ůų, ŻšƅƌƘ
9ŮųŽšƔEăƏŠƔŝŵŬž, ŏĻĶ<ır, ƇƂĕırƘ°Łž¿Īůŷŝŵƃ÷
´, šŲƕƃĶ<`ÙZ ƂƏ®ƁmƄđƒƕƁťźŷŝŵƃÑÔſůŽ 2 ŻƃEăŦÿţ
ƒƕƔŝìƂ, Ķ<ır, ĕırƂƄÒË`ÙƁŅÖŦŠƔŬſŦÿţƒƕƔŝÞç 1 ſ 2 İŰ
Ž, ƢǊƬƃİoƃŏĻ5ĸĶ<ırƄpU 40-50 cm/s žŠźŷŝŵƕƃırƃĶ<Ƅ, 
´ŨŮƃƘŨŷƎ, Ŗƃır°ƂƑƓĶ<ırƂmŦÒŰƁťźŷƃťƏůƕƁšŝì
ƃEăſůŽ, ¯Þç 2 žěaůŷır°ŦťźŷŬſŦūƒƕƔŝƢǊƬƄpUò 
40 cm/s žŏĻĶ<ƘċźŽšŷŝŬƃ%ƄbŘ°ƃ­\%žŠƔ 30 cm/s ƑƓƏřšŝŵƃŷ
ƎƢǊƬƂſźŽ, ŖƃƂƄ
ÅÙĶ<ƃƌž?1žŠƓ, Ķ<ırƘ§ŮųƔĐƄ
ťźŷŬſŦÿţƒƕƔŝŷŸů, 
ÅÙƁƽƛǒƵƽƠǏǒƵĶ<ſ, ĆĨƃırƘ§ŮųƔſ
šŢ 2 ŻƃǆƢƶƭǅƄ, ÜƂÙžƄƁšŝ|źŽ, {ƃÞçžƄŖƃırŦŮƒƂıš
°ƘěŪƔĐŦŠƔŝ 
ś ƃ÷´ťƒ, ƢǊƬƄơǐǊƜǐĶ<6~ƘÓšŽä<űƔŖƈƃĭĦƘċŢŬſŦ3
¨ůŷŝƢǊƬƄ@ƂÏTƃŖſĆĨƃýł ƂVżŧĴċ¢JƘÁaűƔƃƌƁƒŲ, Ŗƃ
ä<ırƂŰŽ, g±ƃŖƃýƘ
ÅůŽĶ<ƘĢ¡ůŽšƔŬſŦàOŮƕŷŝŵƃĶ<
6~¸tƄ@óĭĦžƄƁŨ, aćħÂžŠƔEăŦřšŝaćħÂƄ, ŚŒžƄƯƢſ
ƸǈƾƩƃœċªƃĭĦŔĶ<žWMŦŠƔ (Brighton et al. 2017; Kane et al., 2015)ŝŵƕƒ
ƃæŦœċ (ń) ƂƑźŽfĤËƘűƔĶ<žŠƔƃƂfů, ¯ÞçŦ¶ĘůŷĶ<Ƅ, ƥ
ƱƹƪſŗƘÓšŷŻšƅƌĶ<ƂƑƔžŠźŷŝœċſŻšƅƌſšŢ, Ķ<`ÙƂ×ƁƔ
ċ<Ƃ, ,İƃĔ6~Ŧ_TűƔťƄ, {ƃ¶ĘġőžŠƔŝ 
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̐ 4 ̌ ˰̆ 3: ~x, ~jx_l;αÐǂϳ9Ɠ(lϐĘƇ͇ 
4.1 ˢ˜: ЭС;αÐǂϳ9Ϸ(lƇ͇ķũǡ;ɰΉ 
 xSłHЎϳС<, ΁΂, ©@9ÐǡǨ΂;ųǨ΂ǤŧüˇSˋ4, αÐμã̇϶S
tc&4l (Rizzolatti, & Luppino, 2001),;αÐ̇϶;̚Ś< Ƌ5<8, Ƈ
͇Sχ'4űƏ(lķũǡSä4l"6ˬMm4l (Maravita, & Iriki, 2004)˰
̆ 3 5<, ЭС9 lαÐķũǡ;ƄŞS, ͳĘƌЩMɁM9(l"6Sˢȋ(ô
Ð˜9<, ЭС;­.lĖɞœ5lbsj9, ȦÌ˜8bsjS͹˨&, bsj;
ǂϳSͳǂϳ$m.bsjSˋ.ЦB;2=GϐĘS΋ϰ&, ,;βϒMƇ
͇ĖɞSɰΉ(l 
 Ȼ9˰̆ 1 M, ¨̂9äo14lϐĘćǘ^{m;ˤϔɁM9814
l,;̂Ʈ<, bsjǂϳ9Ɠ(lƇ͇;ȸ˒9Ɠ&, ˔81.³ʠS(l~x;
ty\yϐĘćǘ9Ŧ3 =, bsjǂϳ9Ɠ&4, ̶K8Ƈ͇ϑ́΃ƒ$
ml"6³ǥ$mlty\yϐĘćǘ5<, ϐĘª;Ǩ΂Ǥŧ<ąˋ$m
), Ƈ͇<2=GƊ²ǔ9ǗMmlǨ΂tytb9ÖȆ*%lS8.I5
l ȸ5, ]XϐĘćǘ;¤5<, ΁΂S¼&.ϐĘΛ̙S, ϐĘª9υɼ˜9ͳ
"65lǖ14, ^l<bsjǂϳ9Ɠ&, ħǁ9ϐĘ;Λ̙Sͳ"6³
ʠ$ml 
 
4.2 ȸʐ 
͸ЩÐ 
 ƌЩʂ;8~x (ǡĄ¥Ɂ, 290–349 g), į@~jx_l (l 3 ͅ, 510-715 g) S,
m-m 3 ÞÐ)2ˋ.,;¾;ʱ<˰̆ 1 6ľɶ5l 
 
Έʠȸʐ 
 ƌЩ<, ƌЩ̘ö5ÞĄ9ͳom. (~x924< W 35cm × D 30cm × H 35cm, ^l
924< W 60 cm × L 63 cm × H 45 cm)ƌЩ̘ö9<, Цń˵$mltx
ä¿ Mm4. (~x924< W 24 cm × D 12 cm × H 1 cm, ^l924< W 
39 cm × D 19 cm × H 10 cm; ś 4.1)tx;ċϜ9<|ä¿ Mm4
N, ͸ЩÐtx£9Øð(l"6Sϸ5. (ś 4.1a, b)~x;tx
9<, ċϜ|9 4.5 cm ;ltxʾ;Ѓ϶Ό Mm4N, ~x<,;Ѓ϶
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MЦS2=H"65. (ś 4.1a)^l924<, Øðϸɾˋ;|
tx;ƿБM 8 cm ;Ь$9ĳN¿ Mm4. (ś 4.1b)^l<, |;£
ȸMЦ9Ŀ14bsjSȏN¤n("65, ЦS2=H"65.~x6^
l5tx;ɵω˔8l;<, ^l<ltxMЦS2=c*l6, Ц
;ċ5ЛϜSЏɾ$*), ~x;2=GϐĘ6ˤľǡĳm88lΑͳˉ'l.I
51.2=GƓΠ6&4<, ~x9<Ю;ƌStx£9 10 Þń˵&, ^
l9<ˣǑ̠ 1 cm ;ˆʾ;smS 1 Þ)2ń˵&.smʺ<ϩϨ9ĳN¿ , 
tx;ƿБM 1 cm 9ʕ*.ʾǩ5ń˵$m.";ń˵ȸʐ<, ^l<ƿ
Б9͂m.ЦS2=c*.ŨĽ, ЛϜ;ȓNϐĘˉ'l"6N, bsj;ϐĘ
ΈʠřЋ98l.I51.  
 ~x, ^l;2=GϐĘSȤè(l.I, txâБ9, ~Xly^
 (300 frame-per-second, Gig-E 200, Library Inc., Japan) SΌ͂&.¨̂;£¤bsj;
í̍Ϝ9,m-m, xt`c^6&4˭ǋ9^tx&.˛vSΤN¿ 
. (~x924<̠ W 0.5 cm × D  0.5 cm, ^l924<̠ W 1 cm × D 1 cm)8, 
(a) (b) 
(c) (d) 
ś 4.1 ˰̆ 3 ɳ;ś(a) ~x;ƌЩtx;l`ś~x<ltxʾ
;Ѓ϶Māʾ9©T/ЦS2=T/(b) ^l;ƌЩtxl`
ś^l< 1 2)2ń˵$m.ЦS2=T/˛˭ǋ<xt`c^
S˵((c) ~x;bsjǂϳ;l`ś~x<Я˘˛, xt`cƏ
ɂ51..I, xt`c^<bsj9;GΤN¿ .(d) ^l;b
sjǂϳ;l`ś^l<£¤bsj9Ē4, ЛϜϐĘ;ɰý;.I˧;
ˣ¤9Jxt`c^SΤN¿ . 
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ƌЩ;ɶƁ< Matsui and Izawa (2017) ; Supplementary Material 94Ęˎ5òϵ$m4l 
(http://rsos.royalsocietypublishing.org/content/4/2/160796.figures-only) 
 
Ƕ̰ 
 ˰̆ 1 6ľɶ9, ƌЩ< 4 2;ZXm5ɵǯ$m.~x, ^l¨̂96J9, 
control (1-3 ntj), bill-extension (10 ntj), bill-extension removal (1 ntj), 
follow-up (1-3 ntj) ; 4 2;ƌЩZXmS̨Щ&.ļÞÐ 1 ȼ9 1 ntj
S̨Щ&, removal ZXm6 follow-up ZXm;϶9 1 ϋ϶;ɏ϶SȎT/;SłI, ƌ
Щ< 20-22 ȼ϶5̦²&.1 ntj<~x<ɋŵ 5 Αͳ, ^l< 15 Αͳ5ɵǯ$
m4.ļΑͳ5<, ~x 10 Þ;Ю;ƌS, ^l< 1 Þ;smʺS2=T/ħ
0, ~x< 1 ntj9ɋŵ 50 Ŗ, ^l< 15 ŖЦS2=HɺÈ1.͸ЩÐ
(C4;ЦS2=H, 5 þÃ£ЦB;ıǞͿMm81.6, ,;ȼ;ntj
Ș²&.Αͳ϶5;Ц;Ό͂<, ƌЩ͉ǶĘ5ͳ1. 
 control ZXm5<, ͸ЩÐ<χƵ;bsj5, ~x< 15 Αͳ, ^l< 30 ΑͳS̨
lc5 2-3 ntjS̨Щ&.control ZXm;ɋ̦ȼ9, ͸ЩÐ< 10 þ́ǀ;Ƕʹ
9L14, £¤bsjİȸ9ȦÌbsjS͹˨$m. (ś 4.1c, d)Ƕʹ<Xp
 (Mylan Inc., USA) ;ЮϠ¤5ͳom.˰̆ 1 6˔8N, bill-extension ntj;ċ
ȼ9ǶʹSͳ1.;<, ЮϠ;ǎДSϽĬ(l.I51../&, Ƕʹ< control nt
jǔ;πĒ̫Ц;ǔ9ͳ1..I, bill-extension ZXm;ĂŖntj5<, ȦÌ
bsjS2 4MĂI4;2=GϐĘS΋ϰ(l"65.ȦÌbsj<w
qk9LN, ë;bsj9ĽLÒǯ&, Ğ˙ˋȘ˨č5ĳN¿ .Ф͐d
k5;ȖЦ<Ц5ʢ.$m.yxX5ͳ1..I, ȦÌbsj;͹˨<dk
ö5;2=GSЅƎ&4<81.ȦÌbsj<, ~x5 0.5 g, ^l5 5.0 g ;
ϥ$5, ~x, ^l,m-m 1 cm, 2 cm ;bsjǂϳ51.ë;bsj;ϳ$<
~x5 2.3 ± 0.1 cm, ^l5 6.5 ± 0.1 cm 51..I, ǂϳʉ˄<~x5 1.43 ± 0.02, ^
l5 1.31 ± 0.01 51.ȦÌbsj;ǋʾ<ķ͕8ϻN,m-m;̂9Ľǋ9(l
"65, 2=GϐĘ;βϒ9ǎД&8Lˑǧ&. (ś 4.1cd) 
 ЮϠM΂ϣ&. 24 Ʉ϶ǔ9, bill-extension ZXm;ĂŖntjSͳ1.bill-
extension ZXm5<, ȦÌbsjS͹˨&.ʾǩ5, control ZXm6ľ ;t
x£5Ц;2=GSͳ1.bill-extension ZXm<ĽΈ 10 ntjͳ1
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.ȦÌbsj<, ƌЩntj̦²ǔJ͹˨&̰ ..I, ͸ЩÐ<ƌЩǔ;πĒ̫
ЦK, ,;¾;ʒĘJbsjǂϳ&.ʾǩ5ͳ1.bill-extension ; 10 ntjˢ
Ɗ²&.ɼ;ȼ9, ȦÌbsjSȘ˨čϽĬʙ9L14ϽĬ&, removal ZXmSͳ
1.ȦÌbsj;ϽĬ<, ˗GSÊo), 5 þÃö9Ɗ²&..I, ЮϠ¤5<ͳo8
1.removal ZXm5<, bsjǂϳB;ϐĘʄĖSɰΉ&.Ä9, ͸ЩÐ 10 
ntj; bill-extension ZXm;϶9, bsjǂϳBЗǞ&, ǂϳ&.bsj9Ľ
o*.bsjȥÒSƇ͇&4m=, removal ZXm5J,;ϐĘqϐĘʄĖ
6&4ʄl"6³ʠ$mlʼ9, ϐĘª9΁΂S¼$8ty\yϐĘć
ǘ9LN, 2=GϐĘSƌͳ&4m=, Ƈ͇jcz<Ц9͵̈&.Є;ÐǡǨ΂Ĉʭ
9ÖȆ*%lS8ǖ14, ty\yϐĘćǘ5<, bsjǂϳB;ЗǞ
ǔ, ȦÌbsjSϽĬ&4Jħǁ9ë;2=GϐĘ9øΛ̙(l"6řЋ5l6
͈MmlôÐ˜9<, ~x; removal ZXm5<, bsj;ϵϴ;qXc 
control ZXmLNJȾ8lϐĘʄĖˉ'l"6³ǥ$ml ȸ5, ^l<, ΁
΂9Ŧ34]X9͟α;ϐĘSυɼÝɿ&4l"6˰̆ 2 MăɁ&4
l,;L8]XϐĘćǘ;¤5<, ϐĘʄĖˉ'8ķ͕ǡЬ8+8
M, ]Xćǘ5<, bsjí̍6Ц;Í͂S΁΂˜9ƋÍ&8MϐĘ(l.I, 
bsj;ϳ$9ϷoM)ɿ˳8ϐĘSώͳ(l"65l6͈Mml.I5l 
 ϐĘʄĖ<, ¥ķσ˜8ϐĘ;űƏ5<8, χƵ Ʉ˜8Ėɞ5lǖ14, removal 
ZXm5ϐĘʄĖˉ'.6&4J, dkö5;̫Ц5́Nν&2=GϐĘSͳ1
4m=, 2=GϐĘ< control ;ʌʤ9ŖǙ(l"6³ǥ$ml,;ķ͕ǡSɰΏ
(l.I9, removal ZXm; 1 ϋ϶ǔ, follow-up ZXm6&4, ļÞÐ 30 Ŗ;2=
GϐĘS΋ϰ&. 
 
΅ɜȸʐ 
 ~Xly^5Ȥè&.ĘˎM, xt`c^; x-y ǁɷSxt`
cpx (Move-tr/2D v. 7.0, Library Inc., Japan) 9LNȂý&.˰̆ 1, 2 6˔8N, ɓ˰
̆5<˫ʾБ;͸ЩÐ;ĘSȂý&.ЛϜ;ȓNϐĘ9LN, xt`c^
ĘˎMVYx&.2=G;wq<, ΅ɜMϽŲ&.2=GϐĘ<
ƓΠ;Ц9Ŀ14ЛϜSĿ , ˩϶˜9Џɾ(lŜ΁Ș, ĘŽI.˩϶SϵŽ
6&, bsj;ϴĵϐĘƊ²&.qXcȘ²6&.bsjǂϳ2=G
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ϐĘ;ǯ̼9įE(ǎДSΛCl.I9, Ц;ȡУ;ǯđ˄S̗ý&, ļZXm9Llǯ
đ˄;űĘS,  ͥĜ̵ǋʜĽw (µЖþư, ktxbϷȰ) Sˋ4ʉζ&
.w9<Ǟ̕űȰ6&42=G;ǯđ˄, ΘɁűȰ6&4ƌЩZXm, r
Ėɞ9<ÞÐƮSłI.ΘɁűȰ;ɍǧǡ<ƛǀʉɰƋ9LNΐ×&.ZXm϶;
ǯđ˄;Ʈ;ʉζ9<, w;șƋq; 95% ÜМĝ϶Sˋ4, control ZX
m6;϶9ƮͿMmlSɰΉ&. 
 ϐĘƇ˜΅ɜ9<, 2=GϐĘª;bsj;˫ʾБ x-y ǁɷSˋ.Ȃý&.ǁ
ɷ9<´ċ9 5 Hz ;ql;tq9LNƷʨĜS , Έʠ}XmSϽ
Ĭ&.,;ǔ, bsjϵqXc, 2=GϐĘέЊ, ƷšЛϜĆϓϐĘψǀ, į@Ʒ
šЛϜĆϓϐĘĒψǀS, ļ2=GϐĘ924̗ý&.bsjϵqXc<, £
¤;bsj;ϵ ƶ;ɋŵà; 20% Ʉʱ6&4Έ̗&.2=GϐĘέЊ<, 2=
GϐĘ;ϵŽM̦²c5;ЛϜϐĘ;έЊ6&.ƷšЛϜĆϓϐĘψǀ, ƷšЛϜĆ
ϓϐĘĒψǀ<, 2=GϐĘª;˩϶˜8ϐĘψǀ, Ēψǀ;Ʒšà6&4̗ý&. 
 bsj;ǂϳ9LN, Ц9bsjȘΆ(lc5;Ʉ϶ë;bsj9Ll2
=G9ʉC4ˮ8l.I, 2=GϐĘ;ϵŽɄ϶˜9Ⱦ8l"6³ǥ$ml
";³ǥSɰΏ(l.I9, ̵ǋʜĽwSˋ4, bsjϵqXc;ZXm϶
űĘS΅ɜ&.ΘɁűȰ6&4<, ƌЩZXm (control, bill-extension, removal, follow-
up) Sw9łI.&&, bsjSϵ lqXc<¾;ϐĘƇ˜űȰ (2=
GϐĘέЊ, ƷšЛϜϐĘψǀ, į@ƷšЛϜϐĘĒψǀ) ;ǎДJĴ l"6, ³ä˜ɰ
Ή;Ʉʱ5ăɁ&4.,"5, 2=GϐĘέЊ6ƷšЛϜĆϓϐĘĒψǀJóűϧ
6&4ΘɁűȰ9Ē.ƷšЛϜĆϓϐĘψǀ<, ƷšЛϜĆϓϐĘĒψǀ6ųϥó̵
ǡͿMm..I, ɋ̦˜8΅ɜ5<óűϧ6&4ˋ81.ǖ14, ɋ̦˜8΅ɜ5
<, ΘɁűȰ6&4ZXm, 2=GϐĘέЊ, ƷšЛϜĆϓϐĘĒψǀ; 3 2;űȰ
w9łcm.ΘɁűȰ;ɍǧǡ<ƛǀʉɰƋSˋ4ɰƋ&, ZXm϶;ʉζ<
q; 95% ÜМĝ϶9LNͳ1.ñ4;΅ɜ<, R 3.4 (R Core Team, 2016) £5ƌ
ͳ&. ̵ͥǋʜĽw9< lme4 tdk (Bates et al., 2015), ƛǀʉɰƋ9< car 
tdk (Fox, & Weisberg, 2011) SÔˋ&. 
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4.3 ̩ɞ 
 ~x;2=GϐĘ< 3 ÞÐ;ĽΈ5 974 Ŗ;ϐĘS΋ϰ&. (control: 118, bill-
extension S1: 49, S2-4: 221, S5-7: 231, S8-10: 84, removal: 84, follow-up: 53)w;șƋà
;ƉƋǡSĿ£$*l.I, bill-extension ZXm<, ĂŖntjÃŲ< 3 ntj
#69c6I4΅ɜSͳ1.£bsj, į@¤bsj;ϐĘβϒSś 4.2 9˵(
ȦÌbsjS͹˨$m48 control ZXm5<, bsj;ϵĵƶЦ9Șμ(l
92m4£ɀ&, Ц9ȘΆ(lˣċ9ϴĵ&4l;Ϳ4ĳml  (ś 4.2a)ȦÌbs
jS͹˨&.Ăȼ;ntj5l S1 5<, ~x5<bsjSϴ'lϐĘͿMm
), bsjǂϳ9LNЦ9ȘΆ(lc5;Ʉ϶ˮ̻&."6Sͻé548 (ś 
4.2a: S1),;æĿ<, ṵ̌(lZXm5J̰4l (ś 4.2a: S-2-4, S5-7, S8-10) 
ȸ, removal ZXm5<, control ZXm6ʉζ&4ϵĵϐĘȾc14N, Ц9ɑĆϓ
8Ʉʱ5bsj9LlǻȟϐĘSώͳ&4l./&, removal ZXm5;Ėɞ< 
follow-up 5<Ϳý*), ϵĵϐĘ control ;ʌʤ9ǳ14l"6Ϳ4ĳml (ś 
4.2a: follow-up) 
 ^l;2=GϐĘ< 3 ÞÐĽΈ5 378 Ŗ;ϐĘS΋ϰ&. (control: 80, S1: 23, S2-4: 
61, S5-7: 65, S8-10: 88, removal: 30, follow-up: 31)ȦÌbsj͹˨ˣǔ5l S1 5<ϵ
ĵƶ;ʝƚ&, ϴĵϐĘЦB;ȘΆˣċ9ͿMm8 (ś 4.2b: S1)(8o0, ^l9
4Jbsjǂϳ<2=GϐĘ;Ų°6&4ɺ͕&4.6͈Mml&&, 
ś 4.2 ļZXm;2=GϐĘβϒƌǱ<Ʒšβϒ, ˱̵< 1SD ;̚ŚS˵( 
(a) ~x;wq (b) ^l;wq 
ċǔȸĿ	
£
¤
ȸ
Ŀ
 (c
m
) 
S1 S2-4 S5-7 S8-10 removal follow-up 
(a) 
(b) control 
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,;ǔ; bill-extension ZXm5< control ;βϒ6ŵ<űoM8 (ś 4.2b: S2-4, 
S5-7, S8-10)~x;̩ɞ6˔8N, removal ZXm5<, bsj;ϵĵϐĘȾc14
M), control, ©@9 follow-up ZXm6СÌ&.βϒSȜ4l (ś 4.2b: removal)
ǖ14, ^lȦÌbsj;͹˨/ϽĬ9Ɠ&ħɄ8ϐĘΛ̙Sͳ14."6˵ō
$ml 
 
4.3.1 2=Gǯđ˄ 
 ~x;2=Gǯđ˄<bsjǂϳ9LNŵ¤ͨ&. (ś 4.3a)ZXm϶5;
2=GϐĘ;ǯđ˄ƮSɰΉ(l.I, Ǟ̕űȰ92=GϐĘ;ǯđ˄, ZXm;Ė
ɞSΘɁűȰ961. ͥĜ̵ǋʜĽw (µЖþư, ktxbϷȰ) 9Ll΅ɜ
Sͳ1.ƛǀʉɰƋ;̩ɞ, ZXm;Ėɞ<ɍǧ51. (χ7
2 = 189.41, p < 0.001)
ZXm϶;ƮS, șƋ$m.wq; 95% ÜМĝ϶Sˋ4ʉζ&.6"n, 
control 6(C4; bill-extension ZXm;϶;ƮͿMm.2cN, ~x5< 10 ntj
;϶;bsjǂϳ94, 2=Gǯđ˄ control ;c5ŖǙ&81
.2=Gǯđ˄;¤ͨ< removal ZXm5JͿMm.removal ZXm5<, ͸Щ
Ð<ë;ϳ$;bsj52=GϐĘSώͳ&4lǖ14, ͸ЩÐ bill-extension 
ª9ϐĘƇ͇Sͳ148 m=, 2=Gǯđ˄< control ZXm;ʌʤ9ŖǙ(l"
6³ǥ$ml"; removal ZXm;̩ɞ<, ϐĘƇ͇;Ėɞ< bill-extension ZX
ś 4.3 ļZXm;2=GϐĘǯđ˄ļ̵<ļÞÐS˵((a) ~x;wq (b) 
^l;wq 
(b) (a) 
2

=
G
ϐ
Ę
ǯ
đ
˄
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mª9<РŞ˜9˅m4<8J;;, ~xbsjǂϳ9Ɠ&ʫŞ˜9<ϐĘƇ͇
Sͳ14."6S˵ō(l 
 ~x;tx5<, Ц 10 Þāʾ9ń˵$ml6, ^l;tx
6;Ƕ̰£;ˤϔ1.~x<Ц9Ɠ&, υɼ˜92=GϐĘSώͳ(l.I, 
Ц;Í͂, į@2=GϐĘ;З˓ЦĳǗ;ǯđ˄9ǎДSįE(ķ͕ǡ1.,
;ķ͕ǡSɰΏ(l.I9, 2=GϐĘǯđ˄SǞ̕űȰ, Ц;Í͂, 2=GϐĘ;З
ƾ, ©@9,mM;¸¶ÒˋSΘɁűȰ6&. ͥĜ̵ǋʜĽw (µЖþư, ktx
bϷȰ) Sƌͳ&.̩ɞ, )m;ΘɁűȰ9Jɍǧ8Ėɞ<ͿMm81. (Ц;
Í͂: χ1
2 = 0.01, p = 0.91, n.s.; 2=GϐĘ;Зƾ, χ1
2 = 0.07, p = 0.79, n.s.; ¸¶Òˋ, χ1
2 = 
2.07, p = 0.15, n.s.)ǖ14, ~x;tx£9< 10 Þ;Цā£9©T5.J
;;, ,;ϟ͂, į@2=G;Зƾ<ǯđ˄9ǎД&481.6·l 
 ~x;̩ɞ6ʉC4, ^l5<bsjǂϳ9Ll2=Gǯđ˄;¤ͨ<,  Ʉ˜8
J;51. (ś 5.3b) ͥĜ̵ǋʜĽw9Ll΅ɜ;̩ɞ, ZXm;Ėɞ<ɍǧ
51. (χ7
2 = 53.52, p < 0.001)95% ÜМĝ϶9LNZXm϶;ƮSʉζ&.6"n, 
control 6ʉC4ǯđ˄¤ͨ&4.;< bill-extension ZXm;̐ 1 ntj (S1) 
;G5, ,mÃϺ;ZXm924<, control 6ƮͿMm81.(8o0, S2 ÃϺ
;2=Gǯđ˄< control ;ʌʤ9ǳ14.ȦÌbsjϽĬˣǔ; removal ZX
m94J, ǯđ˄;¤ͨ<ͿMm81.Ã£;̩ɞ<, ȦÌbsj;͹˨/ϽĬ
9Llbsj;űϳ9Ɠ&, ^l<̢ȾϐĘSΛ̙&4."6S˵ō(l 
 
4.3.2 bsjϵqXc 
 ~x;bsjϵqXcSǞ̕űȰ6&.̵ǋʜĽw;̩ɞ, ZXm (χ7
2 = 
2927.26, p < 0.001; ś 4.4), 2=GϐĘέЊ (χ1
2 = 1991.59, p < 0.001; ś 4.5), ƷšЛϜĆϓ
ϐĘĒψǀ;Ėɞ)mJɍǧ51. (χ1
2 = 1542.40, p < 0.001; ś 4.6)bsjϵqX
c<, ȦÌbsj͹˨ˣǔ (S1) 94<, ɿ;ȸĿ9űĜ&4l (ś 4.4a)";
̩ɞ<, bsj;ϵĵqXcbsjǂϳ9L14, ë;bsjLNJϏ81
4l"6S˵&4l,;ǔ; bill-extension phase (S2-4 M S8-10) 94J, bs
jǂϳ9LNbsjϵqXc<Ϗ8læĿͿMm., Ʈ<ɰý$m81
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. ȸ5, removal ZXm<șƋq control LNJΡ;à9űĜ&4.
";̩ɞ<, ȦÌbsj;ϽĬˣǔ, bsj;ϵqXcɄ϶˜9Ⱦc1."6S
ǧŇ(lremoval ZXm; 1 ϋ϶ǔ9ͳ1. follow-up ZXm5<, bsjϵqX
c< control ;ʌʤ9ǳ14. 
 bsjϵqXcJ, Ц;ń˵Í͂62=G;Зƾ;ǎДSĴ lķ͕ǡ1
.,"5, 2=Gǯđ˄;΅ɜ6ľɶ9, bsjϵqXcSǞ̕űȰ, Ц;Í͂, 
2=GϐĘ;Зƾ, ©@9,mM;¸¶ÒˋSΘɁűȰ6&.̵ǋʜĽwSƌͳ&
.̩ɞ, )m;ΘɁűȰ924Jɍǧ8Ėɞ<ɰý$m81. (Ц;ń˵Í͂, χ1
2 
= 0.03, p = 0.99, n.s.; 2=GϐĘ;Зƾ, χ1
2 = 0.09, p = 0.76, n.s.; ¸¶Òˋ, χ1
2 = 0.02, p = 
0.88)Ã£;̩ɞM, ~x;Цń˵ȸʐ<^l6˔8N, ͽȰ;ЦSυɼ˜92=H
L8ƌЩ´ǩ5<1.J;;, Þ;2=G<ʿ̋&.ϐĘ6&4Ϳ8("65
l6͈Mml 
 ^l;bsjϵqXc<, ~x;L8Рͪ8ƮZXm϶5ͿMm81
. (ś 4.4b)̵ǋʜĽw;̩ɞ, ZXm (χ7
2 = 44.98, p < 0.001), 2=GϐĘέЊ 
(χ1
2 = 611.86, p < 0.001), ЛϜĆϓϐĘĒψǀ (χ7
2 = 44.98, p < 0.001) ɍǧ51.&
&, ZXm϶;ƮS 95% ÜМĝ϶5ʉζ&.6"n, )m;ZXm;϶5JƮ<Ϳ
Mm81. 
 
ś 4.4 ̵ǋʜĽw5șƋ$m., ļZXm;2=Gϵ;wq
[< 95% ÜМĝ϶S˵( (a) ~x;wq (b) ^l;wq 
(b) (a) 
ș
Ƌ




q

˽
	 
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4.3.3 2=GϐĘέЊ 
 2=GϐĘέЊZXm϶5űĜ&4lS, ̵ǋʜĽw, į@ 95% ÜМĝ
϶Sˋ4ɰΉ&.̵ǋʜĽw;̩ɞ, ZXm;Ėɞ<^l (χ7
2 = 235.21, p < 
0.001), ~x (χ7
2 =1656, p < 0.001) 6J9ɍǧ51. (ś 4.7)ÜМĝ϶9LN, control 6
ś 4.52=GϐĘέЊ6bsjϵqXc;ȯưśļʱ<ļ2=GϐĘS
˵(ͦ¿;ʱļZXmSͷ&, ͒Ʌ;ġτɁ;ʱ<,;¾;ZXmSͷ
((a) ~x;wq (b) ^l;wq 
(a) 
2=GϐĘέЊ (cm) 
b
s

j
ϵ
q
X


c
 (˽
) 
control S1 S2-4 S5-7 S8-10 removal follow-up (b) 
ś 4.6 ЛϜĆϓϐĘĒψǀέЊ6bsjϵqXc;ȯưśļʱ<ļ2=G
ϐĘS˵(ͦ¿;ʱļZXmSͷ&, ͒Ʌ;ġτɁ;ʱ<,;¾;ZXm
Sͷ((a) ~x;wq (b) ^l;wq 
150 150 150 150 150 150 
(a) 
ЛϜĆϓϐĘĒψǀ (cm/˽²) 
b
s

j
ϵ
q
X


c
 (˽
) 
	(
	 S1 S2-4 S5-7 S8-10 removal follow-up (b) 
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,;¾;ZXm;ƮSʉζ&.6"n, ~x5< control ZXm6, )m;ZXm
;϶5JƮͿMm81. ȸ5, ^l5< control 6ʉC4, S1, S2-4, S5-7 52
=GϐĘέЊ¤ͨ&4. 
 
4.3.4 ЛϜĆϓϐĘĒψǀ 
 ЛϜĆϓϐĘĒψǀ9Ϸ&4J̵ǋʜĽw;̩ɞ, ^l (χ7
2 = 89.551, p < 0.001), 
~x (χ7
2 =180.84, p < 0.001) ó9ZXm;Ėɞɍǧ51. (ś 4.8)&&, 95% Ü
Мĝ϶9LN control ZXm6¾;ZXm;ƮSɰΉ&.6"n, ¨̂6J9)m;
ZXmJ control 6;϶9Ʈ<ͿMm81.ǖ14, bsjǂϳ<, bsjϥϧ
Sű4&cJ;;, ĆϓϐĘ;ϐĘƇ˜ǡΨ9<ŵǎД<&481.6͈
Mml 
 
4.4 ͈ƒ 
 ɓ˰̆;ˢ˜<, ЭС;Ėɞœ;ǂϳ9Ɠ(lϐĘ;Ƈ͇ķũǡS, ~x, ^lSˋ
4ɰΏ(l"691.ty\yϐĘćǘ, į@]XϐĘćǘ6, 
¨̂;ϐĘćǘ^{m;ˤϔM, bsjǂϳ;ǎД̂϶5˔8l"6³ǥ$
m.ƌЄ9, ¨̂6J9ϐĘƇ͇;Ėɞ˳Δ$m.J;;, ϐĘƇ͇;^{m9<
̂϶5ƮƄŞ(l"6˵ō$m. 
ś 4.7ļZXm;2=GϐĘέЊļʱ<ļ2=GϐĘS˵((a) ~x;w
q  (b) ^l;wq 
(b) (a) 
2

=
G
ϐ
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έ
Њ
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m
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 ~x5<, bill-extension ZXmª9РŞ˜8ϐĘƇ͇<, ǯđ˄, bsjϵqX
c6J9ͿMm81. (ś 4.3a; 4.4a)&&, removal ZXm5ϐĘʄĖˉ'."6
M, ʫŞ˜9<Ƈ͇Sͳ14N, ,;Ėɞ removal 5ͷý&.6͈mMml~x
<, 2=GϐĘªˢSϴ'l"6ˬMm4l (LaMon, & Zeigler, 1984; ɚ·, 2016; 
Matsui, & Izawa, 2017; ś 1.1)ǖ14, ~xƇ͇9ˋ.Ǩ΂Ǥŧ<ÐǡǨ΂5l6͈
Mml~x;2=GϐĘ<, Ŝ΁;ʆЀ5ϐĘ;{cͳom4l, ,
;Є, 2=GƓΠ6;έЊ, į@ƓΠ;ŵ$M, bsjSϵ lqXcʏƋ
$m4l (Klein et al., 1985; Theunissen et al., 2017){c9Ŧ34ϐĘSώͳ
(m=, ,m6ƌЄ;ÐǡǨ΂ðĐ6;ƮþSĳl"65l~x<, ,;³ʠΗƮS
ȮƲÜĺ6&4, Ƈ͇&4.ķ͕ǡ͈Mml 
 ^l;̩ɞ<, ~x6<Ɠʵ˜51.^l<2=Gǯđ˄, bill-extension 
ZXm; S1 ;ǔ< control 6Ʈ88N, ~x6ʉζ&4Ǡψ8ǯđ˄;ŖǙͿMm
. (ś 5.3b)bsjϵqXc9<, ZXm϶5ƮͿMm81. (ś 4.4b)"
mM;̩ɞ<, ^lbsjǂϳ9Ɠ&ħǁ9ϐĘΛ̙Sͳ14."6S˵&4
l,;L8ϐĘΛ̙ͿMm."6<, ^l;]XϐĘćǘ6<ȱĽ˜8̩
ɞ5l^l94űĜ&.ϐĘƇ˜űȰ<, 2=GϐĘέЊ51.2=
GϐĘέЊ<, control 6ʉζ&4, bill-extension ZXm5¤ͨ&4.μέЊM;2
=GϐĘ<, ϕέЊMĆϓ(lLNJ, ǚ̥8ϐĘćǘƏɂ5lķ͕ǡЬǖ
ś 4.8 ļZXm;ĆϓϐĘĒψǀļʱ<ļ2=GϐĘS˵((a) ~x;wq 
(b) ^l;wq 
(b) (a) 
Ć
ϓ
ϐ
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m
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²) 
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14, bsjϐĘέЊ¤ͨ&.̩ɞ<, ^l<bsj;ǂϳ62=GϐĘB
;Ų°9Ɠ&, LNЦ;âMϐĘSϵŽ(l"65, ƓǞ&4."6˵ō$ml 
 Ã£;̩ɞM, ~x, ^l6J9αÐǂϳ9Ɠ(lϐĘƇ͇SͿ*, ¨̂;2=G
ϐĘ;Ƈ͇ķũǡ;ƄŞ˵$m.&&, ,;Ƈ͇^{m9<̂϶5ƮƄŞ(
l"6˵ō$m.~x<, ty\yϐĘćǘ9Ŧ34ϐĘSώͳ&4
N, Ƈ͇<ϐĘƊ²ǔ;Ǩ΂tytbSˋ4lķ͕ǡЬ,;L8~x
;Ƈ͇<, bsj;ϵĵ;qXc9Ϸ(lƇ͇5l6͈Mml ȸ, ^l
<, ΁΂9LNυɼ˜9͟α;ϐĘSÝɿ(l]XϐĘćǘ9Ŧ3.Ƈ͇Sͳ1
4.ɼ̌;˰̆ 4 5<, ɓrX9 lƇ͇;˹̨ŦˡSɁM9(l"6S
ˢȋ( 
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̐ 5 ̌ ˰̆ 4: αÐǂϳ9Ɠ(lϐĘƇ͇;˹̨Ŧˡ  
5.1 ˢ˜: bsjǂϳ;ϐĘƇ͇9<, ŵ͚;˹̨ķũǡϷ¦&4lк 
 ˰̆ 3 M, ЭС;αÐǂϳ9Ϸ(lƇ͇ķũǡͳĘ5˵$m.&&, ,m
6ľɄ9, ~x, ^l5<ϐĘćǘ^{m£;ˤϔM, ,;Ƈ͇924J˔8l
ȸ˒Sĳ14l"6˵ō$m.ɓ˰̆5<, αÐǂϳ9Ɠ(lϐĘƇ͇9Ϸ¦(l
ŵ͚ЙťSľƋ(l"6Sχ'4, ЭС;αÐǂϳ9Ϸ(lķũǡ;˹̨ŦˡSɁM9
(l 
 ЭС;bsjϐĘćǘ9Ϸ&4<, ,;Ǩ΂ǡćǘŦˡ5lŵ͚9l˹̨ɦ92
4, ,;ɺ͕˜, ΅ČƇ˜ʼǛLΛCMm4l (Wild et al., 1984; Zeigler et al., 
1969)n.bas <, ΅ČƇ˜9<, ͚ƹ PrV M΁ƽS¼$)9ŵ͚9ˣȘÐǡǨ΂;ðĐS
Ĵ l6, ʼǛ˜8ÐǡǨ΂ϦSɵǯ&4l,;ǔ<, ŵ͚; frontal nidopallium 
S¼&4, ϐĘýĐϜ5lŵ͚; arcopallium 9ǽƖ&4lN.bas Ƞå<, 2=Gϐ
Ę;ȖЦĖ˄S¤ͨ$*l, "m<ÐǡǨ΂;tytb;ɻŻJ.M(ϐĘЅ
Ǝ5l6͈Mm4l (Jäger, 1990; Wynne, & Delius, 1996; Salzen et al., 1975; Schall, & 
Delius, 1991; Zeigler, & Karten, 1973; Zeigler et al., 1975)ÐǡǨ΂ϦϐĘćǘ, ϐĘƇ͇
9 lǨ΂tytbSρN, Ƈ͇;ǯ̋9ϥ;8ǏďSɍ&4l"6<, Ō±С
; S1 ;˰̆MJŧŅ$m4l (Faraji et al., 2013; Mathis et al., 2017) 
 bsjÃŲ;ÐǡǨ΂<, ŵ͚; hyperpallium 9ͷ˅$m4l (Den, & Wang, 1992; 
Wild, 1987b)Hyperpallium <, ˚ˉƇ˜8΃ʱM<Ō±С; ɼǨ΂Ϧ6ˤľ8Йť5
l6͈Mm4l (Medina, & Reiner, 2000)Hyper pallium ;2=GϐĘB;Ϸ¦<, 
˰̆ƚ8&&, ЍʋˉˇƇ˜8΋ϰM, 2=GϐĘ6ˤϷ&4ʒĘ(l6
ŧŅ 2 Ål (Boiko, & Bureś, 1985; Boyko, & Bures, 1975)Hyperpallium  9<bsj
;ÐǡǨ΂<8, Ч;Ĉʭ9Ǟ̕(l{Ϳ214l.I,  2=G9
 lЧ;ϐĘ9Ϸ¦&4lķ͕ǡ˵ō$ml (Wild et al., 1987b) 
 χƵ;2=GϐĘ;ÐǡǨ΂Ŧˡ<"mc5ų;ͫ̄l ȸ, ,;Ƈ͇ķũǡ
9, 8lЙťƐ¦&4l<ɑˬ5l,"5ɓ˰̆5<, ЭС;2=GϐĘ
;Ƈ͇ķũǡ;˹̨ŦˡS, ï˖̧̀Ƈ˜ɢͦʐSˋ4ɰΉ&.Ęʻ;͚ɺ͕Sΐ×
(lȸʐ9<, ЍʋˉˇƇ˜ȸʐ, ͚;ƝǴȠå9LlͳĘΐ×, fMRI K PET 87;͚ɺ
͕Xkcʐ87l, ,m-mϳǴ6ˮǴlЍʋˉˇƇ˜ȸʐK͚;Ɲ
ǴȠå<, M'Iɺ͕Sΐ×(l͚ϜÍɿ˳9ƋIMm48 m=8M8ǖ
14, ЍʋˉˇƇ˜ȸʐKƝǴȠå<, »Ŗ;L9ΛClC͚Йť͟Ðɑˬ;ŨĽ9
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<ϖ$8͚ɺ͕Xkcʐ<, ͚ñÐ;ʒĘSΈʠ(l"65l, Ęʻˋ; 
fMRI K PET <ŝöŲ5ąˋ5lȹΌϻMm4l£9, ĘʻSΈʠ͹͂ö5Ę8
L9ȅɖ&8 m=8M8τ9, ɓΝȳ5ǸL8ϐĘΚН9<¥Ŀ5
lï˖̧̀Ƈ˜ɢͦʐ<,  ƋɄ϶ö;˹̨̥͓;̤̄˜ʒĘSΈʠ&4N, Ʉ϶þ΅
͕<ÎJ;;, ͚ñÐ;ʒĘSΐ×(l"65lĒ4, ɷΞ(lqb;̂С
9L14, ǊΒЙť57;L8þƁ˜ıǞˉ'4.;S, șΝ(l"65l 
 ɓ˰̆5<, ϐĘƇ͇;˹̨ŦˡSΛCl.I9, c-fos ï˖ɢͦ, į@ BDNF ï˖ɢͦS
ˋlC-fos ϙÉƁ<˹̨ʒĘ9ЁÊ&4ΙGý$mlɋĂɏϙÉƁ6˾$mlδúΛ
̙ŗƁ; 1 25N, ,;ˊˉqb5l c-fos <˹̨ʒĘ;^6&4, ΚНώ
ͳª9ͳĘ9ƓǞ(l˹̨Ǟ̕;Έʠ9ˋMmlBDNF <, ˹̨̥͓;ǯϳKjz
l;ķũǡ9Ϸ¦(lqbΨ5l (Harward et al., 2016; Poo, 2001; Tanaka et al., 
1997),;ɺ͕˜âБM, ħǁ˜8˹̨ʒĘ5<8, Ƈ͇9Ê˹̨̥͓ķũ˜9
űƏ(lϑ́SıɃ&4l6͈l"65l 
 
5.2 ȸʐ 
͸ЩÐ 
 ƌЩʂ;8~x 20 ÞÐSˋ.,mM;0 19ÞÐS c-fos qb;˚˅ϧΈ
ʠ9, 17ÞÐS BDNF ;˚˅ϧΈʠ9ˋ.ų;ÞÐи2;Έʠ϶5ϥͽ&4l
;<, ľ ÞÐ;͚ÿʺSþ 4ɢͦ&, ,m-mи2;Έʠ9ˋ..I5l͸ЩÐ
;Ф͐ʐ<˰̆ 1 6ľɶ51.8, ^l9Ϸ&4<, ǾÐ;ï˖ıǞ;ʼ˔ǡȃ
Û581..I, ˰̆ 4 <~x;GSƓΠ6&. 
 
Ƕ̰ 
 bsjǂϳ9Ɠ(l˔8lɄʱ5;˹̨;űĜSɰý(l.I9, ºƫbs
j͹˨ˣǔ, į@, ͹˨ 10 ȼǔ9 l˹̨Ǟ̕S, bsjǂϳ;8Ɠʵ̓6ʉζ&
.ɓƌЩ9 lͳĘΚН<, ǔο(l2=GɄ϶SϽ, ˰̆ 3 6ñľ'51
.&.14, ΅ɜƓΠɄʱ681.bsj͹˨ˣǔL@ 10ȼǔ<,m-m, ˰̆
39 l S1 ZXmL@ S10 ZXm9Ǌ.lвÃϺ5<"mM;ɄʱSģ9 S1, 
S10, Ɠʵ̓S control 6΋(гc-fos ;Έʠ9< control 9 7 ÞÐ, S1 9 7 ÞÐ, S10 9 5 Þ
ÐSˋ.BDNF ;Έʠ9< control 9 6 ÞÐ, S1 9 6 ÞÐ, S10 9 5 ÞÐSˋ.ɓ
ƌЩ5ˋ.Ƕʐ5<, ̤̄˜8˹̨ʒĘɰý$ml.I, ΅ɜƓΠ68lͳĘŚNν
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&͸ЩÐ9ͳo*lǝ;1.,mτ, ɓƌЩ5<, 2=HŖȰ (ΑͳȰ) ˰̆ 36
<˔8N, 20þ϶;͟ˍȡУSΌ , ЦSУC1.ŨĽ<ƌЩ͉υɼͻì(l"66
&. 
 
ï˖̧̀Ƈ˜ɢͦʐ 
 ƌЩΚН̦²ǔ, ͸ЩÐSɇδ&.ƌЩƍ9 30 þʩŞ$*.c-fos qb;˚˅<, 
˚˅ë;˹̨̥͓ϷolǤŧüˇ;ǔ, 20-60 þ¿μ9bl6$ml.I5
lϜƟSɇƍĜ&.;<, 30 þ;϶9ĳNlͳĘSƚ8(l"65, Έʠ}XmS
ʝM(.I51.,;ǔ, xqzxY (0.1 ml/100 g, ó̋ͼͮ, ȼ
ɓ) SЏ͖ʑƖ9LlʛЮϠ¤94, 9% ˉˇУūʌį@ 4% Vwy9
LlʮʓŜƋSͳ1.ʮʓŜƋǔ, ͚SȢý&, ɋÎ 72 Ʉ϶, 30% j̞ʙ9ʪ , ͙ʌ
&.ğþ9͙ʌ5."6S˳Δ&.ǔ, û̩ÿʺÒǯ͹͂Sˋ, 40)m;ĩ$5, 
˫ʾȶБ;ϊ̰ÿʺSÒǯ&.ϊ̰(l 3ɝ;ÿʺS 1ntx6&, 0 2ɝS c-fos 6 
BDNF ;ï˖ɢͦ9ˋ, ʄN; 1ɝS̥͓Ð̢ͦɢͦ5l{tlɢͦ9ˋ. 
 ï˖ɢͦ<, c-fos J BDNF J, Ã¤9οClľ'ȸʐ5ͳ1.ÿʺS 30% ϑϢĜʌ̢
SłH 0.1M Ϣ̶͵ʙ5 2Ʉ϶ʗ&, öŗǡ;Аʼ˔˜˜]`jroıǞSϽĬ
&, 0.1M Ϣ̶͵ʙ5ğþ((/ǔ, c-fosǾÐ (1:000, anti-c-Fos antibody, rabbit 
polyclonal, SC-52, Santa Cruz Biotechnology, USA ) l< BDNF ǾÐ (1:000, anti-BDNF 
antibody, rabbit polyclonal, GTX132621, GeneTex, USA) SłH 0.1M Ϣ̶͵ʙ9 2 Ʉ϶ʗ
τ$*.,;ǔ, 0.1MϢ̶͵ʙ5((, ]sɷΞ$m.ǾYha IgG ǾÐ 
(anti-rabbit IgG, rabbit-poly, BA-1000, Vector Laboratories, USA) 9 1Ʉ϶ʗ&.$M9, 
ABCʦʙ (avidin-biotin horseradish-peroxidase complex, PK-6100, Vector Laboratories, USA) 9
30þʗτ$*.ǔ, ɋǔ9, kV}kkSłH 0.1M xl̶͵ʦʙ94˚ͦ$*
.(C4;ɢͦÿʺ<lXy_l£9Ɣð&, ɰϱL@ˎèĳNλG9ˋ.
(C4;ͳ́<, ƌЩƍ;χƵ;ʟǀ¤ (22-24,) 5ͳ1. 
 
΅ɜȸʐ 
 ŵ͚; 3 2;Йť n.bas, arcopallium, hyperpallium S΅ɜ;ƓΠ6&.N.bas <bs
j;ÐǡǨ΂Ϧ5lArcopallium <О;ϵϴϐĘSćǘ(lϐĘýĐS͚ƹ9ρ14
lHyperpallium<Ō±С; ɼÐǡǨ΂Ϧ, ϐĘϦ;ˤľЙť6͈Mm4lЙť
5l (Medina, & Reiner, 2000)Йť;ľƋ<, {tlɢͦÿʺSˋ4ͳ1.ľƋ
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&.Йť;̧̀ÿʺM, c-fos 8M@9 BDNF ;Ͽḁ͓̇̄ȰSΈʠ&.Έʠ;ƉƋǡS
Ŀ£$*l.I, c-fos, BDNF )mJϊ̰ 3 ntx;ÿʺ 3 ɝ;Ͽḁ͓̇̄ȰSΈʠ&, ,
;ƷšàSƓΠЙť;˚˅ϧ6&.ɿ΀ǡSȃÛ(l.I, ļЙť;˚˅ϧ9Ɠ&ƓȰ
űȞSͳ1.ļЙť9 l c-fos L@ BDNF ;˚˅ϧ;ƓȰà9Ɠ&,  ëϟ͂þ
ȯþɜSͳ1.ɗÅ;Ėɞɍǧ51.ŨĽ, Shaffer ;ȸʐ9LlųϥʉζSͳ1
. 
 
5.3̩ɞ 
 ļЙť9 l c-fos˚˅ϧ924, þȯþɜSͳ1.̩ɞ, )m;Йť5JɗÅ;
Ėɞ<ɍǧ5<81. (arcopallium, F(2) = 0.06, n.s.; n.bas, F(2) = 0.10, n.s.; hyperpallium; 
F(2) = 0.71, n.s.; ś 5.1)Fos ˚˅6˔8N,  BDNF ;˚˅ϧ924<, n.bas 94ɗÅ;Ė
ɞɍǧ51. (n.bas, F(2) = 6.46, p < .05; ś 5.2)N. Bas 9 l BDNF ˚˅ϧ92
ś 5.1. ļŵ͚Йť; c-fos qb;˚˅ϧ (a) arcopallium (b) hyper pallium (c) n.bas 
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4, ųϥʉζ;̩ɞ, control 6 S1 (t(14) = 3.06, adjusted p < .05), į@ control 6 S10  (t(14) = 
3.11, adjusted p < .05) ;϶9ɍǧ8ƮͿMm, bsjǂϳ̓5< BDNF ;˚˅ϧЬ
8l"6ăɁ&.Arcopallium 6 hyperpallium ;˚˅ϧ924<, ɍǧ8Ʈ<ͿMm
81. (arcopallium, F(2) = 0.06, n.s.; hyperpallium, F(2) = 0.71, n.s.) 
 
5.4 ͈ƒ 
 ˰̆ 4 ;ˢ˜<, ̧̀Ƈ˜9˹̨ʒĘSΈʠ(l"65, bsjǂϳ9Ɠ(lϐĘƇ͇
;˹̨ŦˡSɁM9(l"651.ɷΞqb6&4 c-fos, į@ BDNF Sˋ, 
bsj;ÐǡǨ΂Sȃ n.bas, О;ϐĘýĐSȃ arcopallium, ©@9Ō±С; ɼǨ
΂ϐĘϦ;ˤľЙť5l hyperpallium ; 3 Йť;qb˚˅ϧSɗÅ϶5ʉζ&
.C-fos <ΚНώͳ9Êħǁ˜8˹̨ʒĘ5l ȸ, BDNF <LNϳɏ˜8jzl
ķũǡ9Ϸ¦(lqb5l 
ś 5.2. ļŵ͚Йť; BDNF qb;˚˅ϧ(a) arcopallium (b) hyper pallium (c) n.bas 
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 C-fos ;˚˅ϧ<ɗÅ϶5ƮͿMm81."m9< 2 2;ķ͕ǡ͈Mml
̐ 9, ǡ924<, ɗÅ϶5Ʈ86̩ɞMăȶ(l"6<58̐
µ9, ƓΠЙť9 c-fos ;˚˅ǡÎķ͕ǡȍ!MmlƌЄ9, c-fos <ЭС;΁ƽ
MðĐSĴ l ɼǨ΂Ϧ5<˚˅&96ŧŅl (Horita et al., 2010)(8
o0, ģ9˹̨ʒĘɗÅ϶5Ʈ81.6LN<, ˹̨ʒĘ;^6&4 c-
fos ϖÿ581.;J&m8C-fos ;¾9LˋMmlɋĂɏϙÉƁ;ˊˉq
b5l ZENK J, ЭС;ŵ͚ ɼǨ΂Ϧ5<˚˅&9"6, ɽЭ5ăɁ&4
l (Mello, & Clayton, 1994; 1995) 
 ǖ14, »ǔ, ɓ˰̆;L8ƌЩ94, Ǩ΂Ǥŧüˇ9Ɠ(l˹̨Ǟ̕SΈʠ(l
9<, c-fos ÃŲ;qb8&<ϙÉƁSˋlǝ;l/nßͻ 1 29, in situ 
hybridization 9LN dual specificity phosphatase 1 (dusp1) ϙÉƁSķ΁Ĝ(lȸʐȍ!l
"65l (Wada et al., 2006; Horita et al., 2010)Dusp1 <Ǩ΂Ĉʭ9Ɠ(lŵ͚Йť;
Ǟ̕9ЁÊ&4ˊˉ$mlϡ̢5lN.bas <΁ƽS̨ˍ*)͚ƹ PrV MˣȘǽƖS
Ĵ lʱ5, ΁΂, ͋΂6<ðĐ̨ί˔8l (Wild et al., 1984)&&, PrV < dusp1 ˚˅
̥͓ų, ϙÉƁ˚˅;΃ʱ5<΁ƽ–ŵ͚; ɼǨ΂Ϧ6СÌ&.ŖίSǋǯ&4l
"6ȋȢ$m4l (Horita et al., 2010; Jarvis, 2009)ǖ14, dusp1 S<'I»ǔLNų
;þƁ^Sˋ4, ЭС;ϐĘƇ͇ª;ʒĘSΐ×(lǝ;l/n 
 C-fos ˚˅6<Ɠʵ˜9, BDNF 5<bsjǂϳ̓ (S1, S10) ; n.bas 94, control LN
Jų;˚˅ͿMm.BDNF ;ɺ͕<, trkB ĴƏÐ6̩@2, GABA ;ĴƏÐ5l 
GABAA ĴƏÐ;ɺ͕SǼć(l"6Sχ'4, LTP SÚό(l˹̨ɥХŗƁ5l
(Tanaka et al., 1997)2cN, BDNF < ϑǡ;˹̨Ǟ̕6LN<, jzl;ķũǡ9
Ϸ¦(l^5lN.bas 5; BDNF ˚˅<, bsjǂϳ9Ê14, ǊΒЙť;˹
̨̥͓;jzl̩Ľķũ˜9Ůǈ$m4."6S˵ō(l 
 N.bas ;jzlķũǡ<, αÐl`;űƏSıɃ&4lķ͕ǡlαÐl`
<ͳʲ9ąˋ$mlαÐͷΠ6&4, ϐĘɄ;̇϶9ĥIlĖɞœ;ŭˏSͷ˅
(l (Hoffmann et al., 2010)ϒô<Ų˜8ʻÐ5l, Ėɞœ6ϊĘ&4Ę, Ėɞœ;
ǂϳ6&4ɺ͕(l´ƌ, ϒôÔˋ;Ί̷9Ê, ЛЕ϶ʥ;Ƕ͜;΁΂–ÐǡǨ΂;˹
̨̥͓;ĴƏϦϒô̚Śc5ȇǇ(l (Iriki et al., 1996; Maravita, & Iriki, 2004)αÐl
`<ϒô;αÐĜ (embodiment);nl6&4͈l"65l 
 αÐl`;ķũǡ;^{m9<, BDNF ¼Ş&4lϒôÔˋSΊ̷&.
^bi;ЛЕ϶ʥ5<, BDNF ;˚˅ϧ£ɀ(l (Ishibashi et al., 2002a, b)";L
 61 
8 BDNF ˚˅£ɀͿMm.ЛЕ϶ʥ<, ͏–͜;΁΂, Ðǡ;ųǨ΂ǤŧüˇSȃЙť
51. (Maravita, & Iriki, 2004)ɓƌЩ5 BDNF;˚˅£ɀͿMm. n. bas <ųǨ΂
Ǥŧüˇ5<8, ÐǡǨ΂; ɼǨ΂Ϧ5<l&&, n.bas ;ЍʋĈʭKͮˇ˜8
Ĉʭ9LN, 2=GϐĘΕ˚$ml"6ŧŅ$m4N, Ǩ΂–ϐĘ;Ŗί;
 Ϝ6&4,;ɺ͕SȐlCJ&m8 (Delius, 1971; Lindenblatt, & Delius, 
1988) 
 ɓ˰̆;bsjǂϳ<, Ƌ̈́£, ϒôÔˋ9<ΒǊ&8ʱ9<ʑǧǝ;5l8
+8M, ùЛ 1.1.4 5Ƌ̈́&.χN, ĘʻͳĘƇ˜8ǧŇ5;ϒô<͟ˍ9ȥÒķ͕8Ų
˜ʻÐ58 m=8M8.I5l (Amant, & Horton, 2008)ɓ˰̆5ĳN¿ .Ȧ
Ìbsj<, Ș˨č9LNƊñ9ŜƋ$m4.&&, Ų˜ʻÐSαÐ;ǂϳ6&4
ąˋ$*l6ʱ5<, ϒôÔˋ6ɺ͕8ʼǡSóɍ&4l6·l 
 ./&, BDNF ;˚˅/ 5<, αÐl`ķũ˜9űƏ&."6;ˣȘ˜8ΏȆ9
<8M8Iriki et al. (1996) <, ЍʋˉˇƇ˜ȸʐ5, ĴƏϦϒôÔˋΊ̷9LNȇǇ(
l"6SŧŅ&.";L9, »ǔ;˰̆5<αÐl`;ƄŞSˣȘɰΏ(l9<, 
αÐǂϳ9ЁÊ&4̇϶˜8αÐ;͚öͷΠȇǇ(l"6˵(ǝ;n  
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̐ 6 ̌ ˰̆ 5: ^l;bsj;ǋǩ̂϶ʉζ 
6.1 ˢ˜: ʼʃ8ȖЦͳĘSƌ˅(l.I;ǋǩƇ˜Ŧˡ;ɰΉ 
 ϒôÔˋ<, ΁΂ǡϐĘćǘ9Ŧ3.ȖЦͳĘ;ʼʃÕ5l6ȐMml^y
{V_l;ϒôÔˋ9Áͷ$mlL9, ϒôÔˋSϦˉ¤5Ϳ*l̂<̀5l, ,
;Ƈ͇ķ͕ǡ͟Ð<~jx_l9Jäo14l (Hunt, 1996; Hunt, & Gray, 2013; 
Kanai et al., 2014)_lJ, īƑ9<ϒôÔˋ6<G8$m8, ƌЩΚН¤5
<, sö;bsj5<ƞ8Í͂9lЦS, ɭSÔ14Ƕ́NƐ*l"69ǯ
đ&4l (Seed et al., 2006)"mM;´ƌ<, ϒôÔˋ9ǝ;8΁΂ǡϐĘćǘ͟Ð<^
lơ;̂϶5, ĺǀóɍ$m4lķ͕ǡS˵ō(lƌЄ9, ˰̆ 1, 2, 3 5<, ^
lɣγ8Ǩ΂ϐĘćǘɺɵSɍ&4l"6˵$m.&&, ƉƋ&4ϒôSǻ
ȟ&, ̸̝9,mSȥÒ(lϒôÔˋS, Ϧˉ¤5ͳ"6ŧŅ$m4l;<^y{
V_l;G5l 
 ^y{V_l;ϒôÔˋSȧlǋΨ6&4, bsj, į@ЛϜ;ǋǩƇ˜ʼǛS
ȍ!l"65l (Rutz, & Clair, 2012; Troscianko et al., 2012)Troscianko et al. (2012) <, 
^y{V_l;¨˧΁Ϧ̚Ś;Ƽ$M, ċȸ;΁ˏ˳Û9Llϒô;΁΂ǡćǘ;
Ŀ£S­Ǉ&.Rutz and Clair (2012) <, ^y{V_l;bsjǋǩ<, ʉζ˜ˣ̵
˜5, ϒôǻȟɄ;ƉƋǡSȃÛ&4l6­Ǉ&4lǐM<, ^y{V_l;ˣ
̵˜8bsjǋʾ<, ɔɐ9ʫHȿͱS`uu`;L9ȖЦ(l;9Ô14.̩ɞ
;ċϖǞ5l6(l, bsjǋʾ;`uu`{tsÄΘSȝŎ&4l  
 &&, "mc5, ^y{V_l;bsjǋʾSƋϧΐ×&, ¾̂^l6ʉζ&
.˰̆<ƄŞ&81.,"5ɓ˰̆5<, 3 ɼëǋǩƻÑƇ˜΅ɜS^y{V_
lSłH 11 ̂924ϖˋ&, ^l;bsjǋǩ;̂϶ű˔SɰΉ(lĒ4, `
uu`;bsjJ΅ɜƓΠ9ðm, bsjǋǩ;ʱM, Rutz and Clair (2012) `uu
`{tsÄΘ;żǊǡSɰΏ(l 
 
6.2 ȸʐ 
ʉζƓΠ̂ 
 10 ̂;^lơ (Corvus), į@ 1 ̂;`uu`˼ (Dryocopus) M, ĽΈ 36 ÞÐ΅ɜƓΠ
6&.^lơ< 8 2;̟̬˜by9þС5l"6ȝɪ$m4l, ,;̐ 
3 byÃŲ(C4;byMɷɓSǗ. (Jønsson et al., 2012; ś 6.1)ˋ.̂;
öΎ<, ^y{V_l (Corvus moneduloides, ̐ 7 by) 5 ͅ, fb_l 
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(Corvus dauuricus, ̐ 1 by) 5 ͅ, _l (Corvus frugilegus, ̐ 4 by) 5 ͅ, 
~jp_l (Corvus. corone, ̐ 6 by) 5 ͅ, ~jx_l (Corvus 
macrorhynchos, ̐ 8 by) 7 ͅ, ~e_]_l (Corvus tristis, ̐ 7 by), t^
_l (Corvus validus, ̐ 7 by), zq_l (Corvus coronoides, ̐ 7 b
y), s]_l (Corvus rhipidurus, ̐ 5 by), s]_l (Corvus rhipidurus, ̐ 5 
by), l{]_l (Corvus leucognaphalus, ̐ 2 by) ļ 1 ͅ, be 
(Dryocopus martius) 4 ͅ51.be<^y{V_l6ÐhXmʉζ˜μ
̂51..I, ϘƋ&.^y{V_l6ľby9ơ(l̂<~e_]_l, 
t^_l, zq_l5N, ɋμ̹̂<t^_l51.^y
ś 6.1 ^l;̟̬ɹ6byJønsson et al. (2012) Së9Òǯ&.Ωȳƃ, »Ŗ
;˰̆5Ôˋ&.̂5l 
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{V_l;ɷɓ< 4% Vwyʌʦʙ5ʮʓŜƋ&.ɷɓ51.,;
¾;ɷɓ924<, ƣЀЭС˰̆Ǵ9Ǵͭ$m4lĎͼɷɓSˋ. 
 
ʠƋȸʐ 
 ļɷɓ9Ϸ&4, Xb CT l`z (LaTheta LCT-100, Hitachi Aloka Medical, Japan) 
9LN 0.2 mm ϶Ђ;ȶƢˎèSǗ.ǗMm.ˎèSˋ4, ĞˋˎèüˇpxYZV 
(Analyze 9.0, AnalyzeDirect, USA) 9LNЛϜǋǩ; 3 ɼë̋ÐwSɵ̛&. (ś 6.2)
3 ɼëwɵ̛9<, 2 àüˇĜüˇ9LNЪЙť;ȂýSͳ, bsjM, ЛͬϜþ
;ͷБǋʾSǚƙ¢΄ǋtjw9űȞ&.νϛ9<, ȶƢˎèwqM
gSǙë(l.I;Vgm; 1 25lsc`ʐSˋ.ɵ̛&
. 3 ɼëwM, 11 ʱ;΅ČƇ˜ƓǞʱ; x-y-z ; 3 ɼëǁɷSyb6&4
Ȃý&. (ś 6.2)yb;ľƋ< 3 ɼëwüˇpxYZVSχ'4ͳ1. 
(Geomagic XOS, 3D Systems, USA)ɼ9, yb϶9 9 ʱ;ͻ϶ʱSǷ2"65, Ľ
Έ 81 ʱ;nybSȂý&.nyb<, yb϶;ЪͷБ9 
5 ɼ;kZɈ̵Sǅ, Ɉ̵;̒þʱ6&4Έ̗&.kZɈ̵<ƷʨĜ; 1 Ƕʐ5
N, ɼ;ųЖǄ5ͷ$ml 
""5 pi, i = 1,..,6, <ćǘXx;Í͂bx5, Ɉ̵;ǋSʏIlq5
lxk, k = 1,..,N, S 2 2;yb϶9wXkqXm&.ʱ̓5l6(l6, k
ZɈ̵;q p ;șƋ<Ã¤;ˢ˜ϷȰ E  ;ɋƙĜŏН9ƴ˨(l 
p(uk) < k ˓ˢ;ʱ xk 9 lɈ̵;ǁɷ5, λ<ϥG¿ ÙȰ5lĂЖ<wXkqX
m&.ʱ̓6Ɉ̵;ɋƙ͟¯ΗƮS˵&4l̐µЖ<ƷʨĜ;zvtЖ6&4ɺ
͕&, Ɉ̵ϑǀ8ĚϟSȜ;SϸǏďSȃ14l 
 nybǁɷ<Ã¤;yb 2 ʱ϶MΈ̗&. (ś 6.2)(i) £bs
jí̍6ЯċͲ˓Ϝ, (ii) £bsjí̍6КЪ;ŃâϜ̦̍, (iii) £bsj̦̍6КЪ
;ƜϜ̦̍, (iv) ¤bsjí̍6¤О;ƜϜ̦̍, (v) ¤bsjí̍6¤ОϷ̙̊(ii)-
(v) ; 2 ʱ϶;nyb<, ƬĹ¨â924Έ̗&.ļɷɓ9Ϸ&4y
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Calculation for approximating semi-landmark 
The fifth-order Bezier curve was described as a polynomial function of parameter u and is given by: 
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where pi, i = 1,..,6, were the position vectors of the control points that define the shape of the curve. 
Let xk, k = 1,..,N, be the digitized points along the curve. Approximation of the curve with the 
Bezier curve can be computed by solving the following least-squares minimization problem: 
2
2 2
2( ( ) ) ( ) mink k
k
dE u du
du
λ= − + →∑ ∫ pp x (2) 
where E was the objective function, p(uk) was the point on the curve closest to the kth digitized 
point xk and λ was the weighting coefficient. The first term represented the fitting error between the 
points generated by the function and corresponding digitized points on the curve. The second term 
was the smoothness penalty function representing bending energy of the curve. By finding the 
values for the control points and uk that minimized E, an accurate as well as smoothly fitted curve 
was obtained. 
Calculation of the curvature of the superior edge of mandible 
To compare the degree of the curvature of the superior edge of the mandible, we calculated the 
profile of curvature on the sagittal plane. Curvature normalized by the length of the superior edge 
can be calculated as: 
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c u
p p
′ ′′ ′ ′′−= ′ ′+
where L is the length of the superior edge, and p’x, p’’x, p’y, and p’’y are dpx/du, d2px/du2, dpy/du, and 
d2py/du2, respectively (Hosaka, 1992). The length of the superior edge can be calculated as: 
Adaptive bill morphology for enhanced tool manipulation in New Caledonian crows 
Hiroshi Matsui, Gavin R. Hunt, Katja Oberhofer, Naomichi Ogihara, Kevin J. McGowan, Kumar 
Mithraratne, Takeshi Yamasaki, Russell D. Gray & Ei-Ichi Izawa  
Supplementary Document S1 
Calculation for approximating semi-landmark 
The fifth-order Bezier curve was described as a polynomial function of parameter u and is given by: 
5 4 2 3
1 2 3
3 2 4 1 5
4 5 6
( ) (1 ) 5 (1 ) 10 (1 )
10 (1 ) 5 (1 )
[0,1]
u u u u u u
u u u u u
u
= − + − + −
+ − + − +
∈
p p p p
p p p (1) 
where pi, i = 1,..,6, were the position vectors of the control points that define the shape of the curve. 
Let xk, k = 1,..,N, be the digitized points along the curve. Approximation of the curve with the 
Bezier curve can be computed by solving the following least-squares minimization problem: 
2
2 2
2( ( ) ) ( ) mink k
k
dE u du
du
λ= − + →∑ ∫ pp x (2) 
where E was the objective function, p(uk) was the point on the curve closest to the kth digitized 
point xk and λ was the weighting coefficient. The first term represented the fitting error between the 
points generated by the function and corresponding digitized points on the curve. The second term 
was the smoothness penalty function representing bending energy of the curve. By finding the 
values for the control points and uk that minimized E, an accurate as well as smoothly fitted curve 
was obtained. 
Calculation of the curvature of the superior edge of mandible 
To compare the degree of the curvature of the superior edge of the mandible, we calculated the 
profile of curvature on the sagittal plane. Curvature normalized by the length of the superior edge 
can be calculated as: 
2 2 1.5
( )
( )
( )
x y y x
x y
p p p p L
c u
p p
′ ′′ ′ ′′−= ′ ′+
where L is the length of the superior edge, and p’x, p’’x, p’y, and p’’y are dpx/du, d2px/du2, dpy/du, and 
d2py/du2, respectively (Hosaka, 1992). The length of the superior edge can be calculated as: 
 65 
b, į@nybĽΈ5 92 ʱ; x-y-z ǁɷSɷΞʱ6&4Ȃý&, ΅ɜƓΠ6&
.Ã¤5οCl 3 ɼëǋǩƻÑƇ˜΅ɜ<, "mM;΅ČƇ˜ƓǞʱ(C4;ǁɷnt
x, ļÞÐ924ț14lǝ;l&&,  Ϝ;ɷɓ<ОϜ;Ƞåʭ&1
..I, yb;Ƌ̈́řЋ51.,"5, ЛϜеbsj;ɿªБ9Ɠ(lƬ
ĹƓ˾ǡSąˋ&4, Ƞå;8ıƓâ;ybSƬĹ9ıδ$*, ɷΞʱ;ǁɷà
;ǙëSͳ1. (Ogihara et al., 2009) 
 
΅ɜ (1) ­ǯþþɜ9Llbsjǋǩ;ʼǛȂý 
 bsj;ǋʾŜ϶5ʉζ(l9<, bsj;hXmǯþSϽĬ(lǝ;l
,"5, ļɷɓ;hXm, į@ȸĿSɷʤĜ(l.I9, ϥǜhXm9Ŧ3. ͥĜ
blvl΅ɜ (generalized Procrustes analysis) Sϖˋ&. ͥĜblvl΅ɜ<, 
ļǁɷ϶;έЊSϥǜhXm9Ŧ34ɷʤĜ&.£5, ļɷɓ;ƓǞǁɷ϶;έЊSɋ
ƙ͟¯ʐ9LNɋƙĜ(l"69LN, ɷɓ;hXm, į@ȸĿSțlǶʐ5l";
üˇ9L14, bsj;hXm9ÖƄ&8ǋʾþɜķ͕98lɷʤĜ&.̩ɞŷ
omlhXmǤŧ<, ϥǜhXm6&4ĳǗ&.ϥǜhXm<, ñyb;ϥǜ 
(Ʒšà) 6, ļyb;έЊ;̳ŉ6&4Έ̗$m. 
 ɷʤĜ$m.bsj;ɷΞʱ9Ɠ&, ­ǯþþɜ (principle component analysis) 9LN
ļɷɓǋʾ;ʼǛȂýSͳ1.­ǯþþɜ<, Ьɼë;wqntxS, Îɼë̇϶9̻
̠(l.I9&=&=Ôomlųűϧ΅ɜ; 1 25l»Ŗ;ŨĽ, ðĐwq< 93 ʱ
;ɷΞʱ; 3 ɼëǁɷ5N, ļɷɓ;ɷΞʱǁɷ;þȯ<, ļ̂;ʼǛSıɃ&4l6
ś 6.2 ^y{V_l;¢ɼëwÕ6ɷΞ&.yb;Í͂Ωʱ<΅Č
Ƈ˜8yb, ̴ʱ<ybSͻ϶&.nybS˵( 
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͈Mmlǖ14, ɷΞʱ9Ɠ(l­ǯþþɜ9LNɵǯ$m.­ǯþ<, ļЭС̂;b
sj;ǋʾSıɃ&4l"6ɏǒ$mlǗMm.­ǯþǗʱ8lǋʾʼǛ
SıɃ&4l;SșΝ(l.I, ļ­ǯþǗʱ;Ьà, į@ÎàSƋI, X
wSÒǯ&. (Morita et al., 2013)X;Òǯ;Є<ʼƋ;­ǯþ
;GSűĜ$*, ,;¾;­ǯþǗʱ< 0, (8o0Ʒšà9ŜƋ&.ͽȰ;ɷɓǗM
m.̂9Ϸ&4<, ­ǯþþɜ9Ɠ&4þȯþɜS , ǋʾʼǛ;̂϶þȯ;ɍǧǡSΐ
×&.ɋǔ9, ǋʾű˔6, ЛϜhXm;ϷϊSɰΉ(l.I, ļ­ǯþǗʱ6ϥǜhX
m;϶;ˤϷ΅ɜSͳ1.";ˤϷ΅ɜ9LN, ЛϜhXm6ǋʾ;ϷÙS΋ο(l
 ͥĜblvl΅ɜ, į@­ǯþþɜ9<, ǋǩƻÑƇ΅ɜpx5l 
Morphologika 2.5 (O’Higgins, & Jones, 1998) S, þȯþɜ9< R 3.4 (R Core Team, 2016) Sˋ
. 
 
΅ɜ (2): Ɉ˄Έ̗9Ll¤bsj;£ϜͷБ;ƋϧĜ 
 ¤bsj;£ϜͷБ<, ϒô6ˣȘȘΆ&, ϒôSȧlǖ14, ^y{V_l
;¤bsj;ǋǩ<, ϒô;ǻȟ9ϥ;8ǏďSɞ.&4l"6³ǥ$ml,"
5, ¤bsj;£ϜͷБ9Ɠ&, Ɉ˄Έ̗9Llǋʾ΅ɜSͳ1.Ɉ˄΅ɜ9<^y
{V_l;¾9, fb_l, ~jp_l, ~jx_l, _l, į@
beSˋ."mM;̂<ͽȰ;ɷɓðǶ5..I, Ɉ˄;ƷšàS̗ý(l
"65..I5l¤О;̦̍6¤bsj;í̍Ϝ<, ΅ČƇ˜yb6
&4ɷΞʱSƋ̈́&4.,;¨ʱ;϶;¤bsjͷБɵωSkZɈ̵9LNμÌ
&.ǗMm.kZɈ̵;ϳ$<, 0-100% ; 100 ̒þ(l"65, ɷʤĜ&.Ɉ˄<
ƝǴ˜8μÌ÷;σȰġǑ6&4, Ã¤;Ǆ5̗ý&. 
""5 L <Ɉ̵;ϳ$5N, p’x, p’’x, p’y,  į@ p’’y <,m-m dpx/du, d2px/du2, dpy/du, 
į@ d2py/du2 5l (Hosaka, 1992)Ɉ̵;ϳ$ L <ɼ;L9̗ý&. 
Ã£;ȸʐ5, Ɉ˄<ÞÐ#69̗ý&., ľ̂ÞÐ;̩ɞ<̒þʱ#69ƷšĜ&, ś
˵&. 
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where L is the length of the superior edge, and p’x, p’’x, p’y, and p’’y are dpx/du, d2px/du2, dpy/du, and 
d2py/du2, respectively (Hosaka, 1992). The length of the superior edge can be calculated as: 1
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( ) ( ) ( )x y zL p p p du′ ′ ′= + +∫
Reference 
Hosaka M. (1992) Modeling of Curves and Surfaces in CAD/CAM. Springer, Berlin. 
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6.3 ̩ɞ 
6.3.1 ­ǯþþɜ: bsjǋǩ;̂϶ű˔ 
 ļɷɓ; 92 ;ɷΞʱS­ǯþþɜ9 .̩ɞ, bsjǋǩ9̂϶5Ɂ˛8þȯͿ
Mm. (ś 6.3a, b)­ǯþ (PC) <̐ 3 ­ǯþ (PC3) c55 75% Ã£;þȯΘɁ˄S˵&
..I, PC3 c5Sˋl"69&.­ǯþ;þȯΘɁ˄< PC1-3 5,m-m 59.18%, 
10.78%, 7.87% 51.PC1 <fb_l6beʼ˔8àS˵&4N, "m
M; 2 ̂Sþ lε6814. (ś 6.3a)PC1 ;ıɃ(lʼǛSσșƋ&.X
S΃ƒ(l6, PC1 <bsj;‐ɸʉSıɃ&.ε6814. (ś 6.3c)^
lơ;̐ 1 by9ơ(lfb_l<¾;^l6ʉζ&4̟̬˜9ϕ"6
ˬMm4l (Haring et al., 2007; Jønsson et al., 2012)PC1 ;à6Ǚë$m.X
SϲGl9, fb_l<¾̂^l6ʉC4ˤƓ˜9ˮbsjSɍ&4
l ȸ5be<Ь PC1 ;ǗʱS˵&, ˤƓ˜9̥ϳbsjSɍ&4l
PC2 <fb_l, ^y{V_l, į@beÎàS˵&4l (ś 6.3a, 
b) ȸ, t^_lʼ˔9ЬàS˵&.";­ǯþ<£bsj;ϳ$, į@
,;ɈNôĽSıɃ&4. (ś 6.3d)PC3 <^y{V_l6¾;̂5ŵ8Ʈ
ͿMm. (ś 6.3b)";ǯþ<bsj;‐ȸĿ;Ŷ$6ˣ̵ǡSıɃ&4. (ś 
6.3e)ɷɓhXm 1 LNJŵ 6 ̂ (^y{V_l, fb_l, ~jx_
l, ~jp_l, _l, be) 924, "mM;­ǯþSþȯþɜ9
 .6"n, )m;­ǯþJɍǧ9̂϶5˔814. (PC1: F(5,25) = 80.50, p < 0.001; 
PC2: F(5,25) = 58.94, p < 0.001; PC3: F(5,25) = 34.86, p < 0.001)^y{V_l<be
6<̟̬˜9ϕ̹5l9JϷoM), bsjˣ̵ǡ6ʱ94<, ʉζ˜μ
àS˵&.   (ś 6.3a, b, d) ȸ5, PC3 ;ǯþ94<^y{V_l6be5
ŵ˔8l̩ɞ681.^y{V_l<ˤƓ˜9bsj;ɧëĩ, b
e<̥ϳbsjSɍ&4. 
 ­ǯþǗʱ6ϥǜhXm;϶;ˤϷ΅ɜSͳ1.6"n, ɍǧ8ˤϷͿMm.;< 
PC2 ;G51. (PC1: t(34) = 1.81, p = .07, r = .30; PC2: t(34) = 7.59, p < .01, r = .79; PC3: 
t(34) = -0.76, p = .44, r = -.13; ś 6.4)";̩ɞ<, ЛϜhXmƙ$̂D7, ˣ̵˜8b
sjSɍ&4l"6S˵&4l (ś 6.4b) 
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ś 6.3 ­ǯþþɜ;̩ɞļʱ<ļɷɓ;àS˵((a) PC1 į@ PC2 (b) PC3 į@ PC2 
(c) PC1 SűĜ$*.X (d) PC2 SűĜ$*.X (e) PC3 
SűĜ$*.XNCC, ^y{V_l; Jd, fb_l; Rk, 
_l; CC, ~jp_l; LaC, ~jx_l; WC, l{]_l; FR, s
]_l, GC, ~e_]_l; LoC, t^_l; AR, zq_l; BW, b
e 
(c) 
(d) 
(e) 
(a) (b) 
NCC NCC 
www.nature.com/scientificreports/
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forces, and (v) a relatively long, deep and upturned keel of the lower mandible. Although our morphological anal-
ysis did not include all Corvus species or detailed biomechanical analysis, our initial study is the first to confirm 
the unique morphology of the NCC’s bill. In the following we argue that the NCC’s bill morphology is specialised 
for tool use and at least some of the above features evolved for enhanced tool manipulation after the species began 
using tools.
Bill morphology in birds is a combination of both phylogeny and adaptation for species-specific task 
requirements22. The uniqueness of the NCC’s bill within Corvus, along with the NCC’s more recent speciation 
within its genus17, indicates that its novel features have evolved through species-specific adaptations. The main 
species-specific, interrelated factors affecting bill shape are: (i) the feeding method, (ii) the forces acting on the 
bill, (iii) the necessary size of the bill, and (iv) the weight of the bill22. Given that the NCC’s bill appears to be rel-
atively short for a Corvus species, we only consider the first two factors. Island passerines generally have longer 
bills than their close continental relatives23,24. This pattern is associated with wider ecological niches, possibly as 
a response to increased competition for food; longer bills are advantageous when probing in tree holes and under 
Figure 1. Results of the Principal Components Analysis of bill shape. (A,B) Scatter plots of Principal 
Components Analysis outputs. (C–E) Principal Component-based wireframe models of the bill. Inter-species 
differences in bill shape are shown in PC1-PC2 (A) and PC2− PC3 (B) space. The wireframe models for PC1 
(C), PC2 (D) and PC3 (E) indicate how each of the three significant Principal Components contributes to the 
overall bill shape when the values of all other Principal Components are held constant. NCC, New Caledonian 
crow; Jd, Daurian jackdaw; Rk, rook; CC, carrion crow; LaC, large-billed crow; WC, white-necked crow; FR, 
fan-tailed raven, GC, gray crow; LoC, long-billed crow; AR, Australian raven; BW, black woodpecker.
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6.3.2 Ɉ˄Έ̗: ¤bsj£ϜͷБ;ǋǩʉζ 
 Ɉ˄Έ̗9Ôˋ&. 6 ̂ (^y{V_l, fb_l, ~jx_l, ~jp
_l, _l, be) ;̩ɞSś 6.5 9˵(¤bsj;ƜϜ (О;¿ ɧ, 
0-40%) ¿μ<)m;̂5J¤ȸ9ʡɈ&4.&&, ª϶Ϝ (50% ¿μ) 5<^y
{V_lÃŲ;^l̂5<¤ȸ9ʡɈ&4l ȸ, ^y{V_l6be<
DEɈ˄ 0, (8o0ʌƷ8ǋʾ51.bsj;ŃâϜ (75-100%) 98l6, ^
y{V_lÃŲ;̂<¤9ʡɈ&.bsjSɍ&4l;9Ɠ&, ^y{V_l
;bsj<£â9ʡɈ&4."mM;̩ɞ<, ^y{V_l;¤bsj<, ª
϶Ϝ5<DEˣ̵ǋʾ, í̍5<£ȸ9ʡɈ&.ǋʾSɍ&4l"6S˵&4l 
ś 6.4 ļ­ǯþǗʱ6ϥǜhXm;ϷÙļʱ<ļɷɓ;àS˵((a) ̐ ­ǯþ 
(PC1) (b) ̐µ­ǯþ (PC2) (c) ̐¢­ǯþ (PC3)NCC, ^y{V_l; Jd, fb
_l; Rk, _l; CC, ~jp_l; LaC, ~jx_l; WC, l{]
_l; FR, s]_l, GC, ~e_]_l; LoC, t^_l; AR, zq
_l; BW, be 
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6.4 ͈ƒ 
 ɓ˰̆;ˢ˜<, ^y{V_l;bsjǋǩ;ʼʃǡS, ¾̂^l6;ʉζSχ
'4, ɁM9(l"691.­ǯþþɜ9LlʼǛȂý, į@Ɉ˄΅ɜ;̩ɞ, ^
y{V_l<ʼɍ;ǋǩ˜ʼǛ;̧GĽo*Sɍ&4l"6ăɁ&.Ã¤5<, 
,;ɺ͕˜ǧ̈́, į@όĜ924ΟΝ(l 
 ­ǯþþɜ;̩ɞ, £bsj;ˣ̵ǡ, į@, bsjɧë;ĩ$, ^y{V_l
;bsjǋʾ;ʼǛ6&4Ȃý$m.£bsj;ˣ̵ǡ<, ^y{V_l, fb
_l, be94Рͪ51. ȸ, ^y{V_l6ʉζ˜μ̹̂5
lt^_l<, »Ŗʉζ&.̂϶5ɋJ£bsjʡɈ&4N, ľ by9
ơ(l~e_]_l, zq_l;£bsj9Jˣ̵˜8æĿͿMm8
1.ǖ14, ^y{V_l;ˣ̵˜bsj6ǋΨ<, óχ˸í9J6J6äo
14.J;5<8, ̂϶5ʿ̋9όĜ&.ǋʾ5lķ͕ǡЬˣ̵˜8bs
jJ.M("6;ϒôÔˋ£;ą˟<, Rutz and Clair (2012) ȋȢ&.L9, ǻȟ;Ɖ
Ƌǡ5l͈Mml 
 ɧë;ĩbsj<, ϒôÔˋɄ9lΡͧ9Ɠ(lȉǾɵω6&4;ąʱȋȢ
5l^y{V_l<, ϒô5ȿͱSϪN£!, ȖЦ(lȿͱϒôí̍9ŒG¿
Є, Ȋ0£!lΡͧ<4";Īˇ5Ůƶ(l.I, ^y{V_l<,m9Ǿ(lL
9ĐS lǝ;lɧë;ĩbsj<, ,;Ρͧ9͊, ƉƋ&4ϒôSǅ;
lЄ;Ρͧ7;́ǀ;J;<, ˅ʆЀ5<ΛCMm48ˉʻ;αÐɵω9
ś 6.5 ¤bsj;Ɉ˄x ε 0 <О;ɧë, 100 <¤bsjí̍S˵(NCC, ^
y{V_l; Jd, fb_l; Rk, _l; CC, ~jp_l; LaC, ~j
x_l; BW, be 
NCC 
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lΡͧ<, ˉʻĐƇ˜8ȸʐ5ƋϧĜ(l"65l,;Õ6&4, `uu`ɐ9Ŀ
14͵̈&.Є;͵μ΅ɜȍ!Mml (Oda et al., 2006; Wang et al., 2011)»ǔ, ^
y{V_l;bsjǋǩ;ĐƇ˜ǧ̈́S, ΡͧB;ȉǾɵω6&4Ȑ, LNΓ̥9ɰ
Ή$mlǝ;l/n 
 Ɉ˄΅ɜ5<, ¤bsj;£ϜǋʾŜ϶5ʉζɰΉ&.,;̩ɞ, ^y{V_
l_l<, ¤bsj;ª϶Ϝ5<`uu`6ľ́ǀ9ˣ̵˜5, DEʌƷ8ǋʾSɍ&
4. ȸ, ¤bsjí̍Ϝ5<, ¾;^l6J, `uu`6J˔8lǋʾͿý$
m.^y{V_l;¤bsj;í̍Ϝ<£9Ŀ14ʡɈ&4læĿ91
.^y{V_l<ϒôSǻȟ(lЄ, õŤ˜9<ȵI9΄ǀS2 , bsj5Ŋ
l (Martinho et al., 2014)ЭС<˧ЛϜ;Ųâ9Í͂(lĘʻ5l.I, ΄ǀS2 4
ϒôSǻȟ(l"65, ʺ˧;΁Ϧ;ªǜ9ϒôí̍ϜSȒ4l;5l6͈Mm
4l (Martinho et al., 2014)í̍Ϝ£ȸ9Ɉ1.¤bsjǋǩ<, ,;L8ǻȟ
;½ȸS(l£5ąʱlĒ4, ^y{V_lÃŲ;^l<¤bsj;í
̍Ϝ¤9ʡɈ&4., ";L8bsj5ϒôSǻȟ(l6, ϒôí̍<¤ȸ9Ŀ
4&c, ΁Ϧ;ªǜ9Ȓl"6řЋ5l ȸ, ^y{V_l;L8£9
ʡɈ&.bsjǋʾ5m=, ϒôí̍<˧еbsj;ʌƷБ£9Ȓl"65, 
΁΂ǡϐĘćǘƏɂ98l (ś 6.6) 
 ­ǯþǗʱ6ϥǜhXm6;ˤϷ΅ɜM<, bsj;ˣ̵ǡ6ϥǜhXm6;϶5
ˤϷǡͿý$m.ϥǜhXm<, ЛϜhXmSıɃ(lȋɷ6&4Ȑl"65
lbsj;ˣ̵ǡ< Kulemeyer et al. (2009) ;΅ɜ5JȂý$m.ʼǛ5N, ȖЦȸ
ʐ6ϷϊʛǐM;˰̆5<, ȿͱУ;^dl;bsjʉζ˜ˣ̵˜5l"6
ŧŅ$m.^y{V_l, beJ, ȖЦƓΠ<ȿͱ5N, ЛϜhXmJμ
ǖ14, 1 2;ķ͕ǡ6&4, ^y{V_l;ˣ̵˜bsj<ȿͱȖЦǡB;ϖ
ǞόĜ8;J&m8J 2;ķ͕ǡ6&4<, ˚ˉƇć̠ȍ!Mmlbs
j;θϝǋʾSʏIl;<, ˚ˉʆЀ;qb;þƁ˜˿Ę5N, qb;˿Ęβϒ
<,  Ƌ;ʐĊ9ǖ"6ˬMm4l (Fritz et al., 2014)ЛϜ;ŵ̂<, bsj
;ǋʾʏƋ;þƁ˿Ę;ć̠£, ĺǀʏƋΝ˜9ʡɈ&.θϝSǋǯ&4lķ͕ǡ
͈MmlJ0nT, "mM;ķ͕ǡ<¶9Ȕ¾˜5<8.I, ˚ˉƇ˜ć̠ɺ
͕&.̩ɞ, ȖЦƓΠ9Ľo*.bsjǋǩ9ʚʎç."6JNlƗɘ˜9
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<, ^y{V_l;bsjǋǯ9Ɠ&, όĜ˚ˉˉʻƇ˜8ɰΉSĒl"65, ^
y{V_l;bsj;ǋǯ^{m6,;όĜ9ξmlJ&m8  
ś 6.6 ɓ˰̆MǥƋ$ml, ϒôǻȟɄ;bsj9lΡͧ6΁΂ˈŭ^y
{V_l<ś;L9ȵIĿ9ϒôSĒl (Martinho et al., 2014)̩ɞ, Цϒô
í̍ (FT) 92.6, Mx ȸĿ;G8M), My ȸĿ9JΡͧlɧë;Ŷb
sj<, ,;Ρͧ9͊lȉǾɵω6&4ɺ͕&4l6͈Mmlˣ̵˜£bs
j6, í̍£9ʡɈ&.¤bsj<, ϒôí̍S x-y ƷБ (śªΩͦ;Б) 9Ȓl
;9ϖ&.ǋʾ9814l 
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̐ 7 ̌ ̳Ľ͈ƒ  
7.1 ɓΝȳ;ˢ˜: hsb[jB;Ŗ̕ 
 ɓΝȳ;ˢ˜<, ЭС;Ǩ΂ϐĘćǘ9 l, αÐɵω9LlȖЦϐĘ9Ɠ(lć̠
6, ,;îɎ;όĜ;΅Ɂ91.,;.I9΁΂ǡćǘ;įA̚Ś<7"c5к 
(˰̆ 1, 2),ЭС<αÐķũǡSɍ(lк (˰̆ 3,4),ϒôÔˋ;L8ʼʃ8Ȗ
ЦͳĘ<, 8lǋǩƇ˜8όĜ9L14ƌ˅$m4l;к (˰̆ 5)6 3 2
;ŏSɰΏ&. 
 ̐ ;ŏ<, ~x, ^l; 2 ̂Sˋ4ɰΉ&.˰̆ 1 5<, mЗǞΚНS
ˋ4, ~x, į@^l;ϐĘćǘɶǄ;ʉζɰΉSͳ1.~x5<, 2=GϐĘ;
ty\yϐĘćǘ6, ǖɘ;2=GϐĘ;ˇ΅M³ʠ$ml̩ɞǗ
Mm.m˨ˋǔ;βϒΗƮ<, fSƓΠ9&.˰̩̆ɞ6 ͡(lJ;5
1. (Rossi, 1968; 1969; 1971)fSˋ.íͳ˰̆6, ~xSˋ.ɓ˰̆;̩ɞ;
 ͡S, ̟̬˚ˉƇ˜8μ̹ǡ5ΘɁ(l;<řЋ5l`kˢ (Galliformes) 5l
f6, ~xˢ (Columbiformes) 5l~x<, ̟̬˜9ŵЊm4lM5l¨
̂;m9Ll2=GͳĘB;ǎД;СÌǡ<ş£ȖЦ6ȖЦˉǩ;óχǡ
MΘɁ5l;J&m8 ȸ5, ^l<ϐĘSυɼÝɿ&8M2=GϐĘ
Sώͳ&4N, ^l;2=GϐĘ9 l]XϐĘćǘ˵$m. 
 x;ĆϓϐĘΚН5J, xυɼ˜9ϐĘ;ΗƮS΁΂9LNĳǗ&, ÝɿSͳ"
6ŧŅ$m4l (Matsui et al., 2017; Sarlegna and Mutha, 2015; Sarlegna et al., 2003; 2004; 
2006)Matsui et al. (2017) ;˰̆5<, xSƓΠ9µ2;΁΂Ĉʭ;϶S̒϶Ђ9 10 ̒
þ(lL, ϊ̰˜9ĆϓϐĘSͳo*.̩ɞ, ΁΂Ĉʭ;μκ5<ΗƮƚ8,  Ŗ
;ϐĘ#69βϒSΐ×&, υɼ˜9ϐĘ;ΗƮÝɿSͳ14l"6ăɁ&.^
l5J, m9LNŮŵ&.ΗƮS, ϐĘ;φª9υɼ˜9Îʝ(lL8ϐĘβϒ
ͿMm.Ã£;̩ɞS̳Ľ(l6, x, ^l<͟α;Ėɞœ6ƓΠʻ;Í͂ϷÙSƵ
9tc&8MĆϓϐĘSͳćǘɶǄSä4l ȸ, ~x΁΂˜9ƓΠS
ƋÍ(l;<ϐĘϵŽċ9ϻMml6, ϐĘćǘ;ĲȲ6̂ƮȜý$m. 
 ^l9Ϳý$m.]XϐĘćǘ<, ^l;ȖЦˉǩ6ƑȘ9Ϸo14l6
ÄΘS̋4.ЈУǡ;^l<, ƙŤ;͗ɯĘʻKȿͱSȑУ(l (Rutz et al., 2010; Ϭ
ɐ, 2002),"5,  ˰̆ 2 5<˿Ę(lЦ;πήȑУϐĘ;þɜSͳ1.Ęɷ˜B;
2=GϐĘ<, ~x5<qtslbSˋ.˰̆l (Wilkinson, & Kirkpatrick, 
2009; 2010)ty\yϐĘćǘ¤9l~x;2=G5<, Ɨɘ;Ц;Í͂
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;³ʠ9Ŧ34ώͳ$ml"6˵ō$m4l (Wilkinson, & Kirkpatrick, 2009)^
l5<, ,;L8³ʠ˜8ϐĘ9Ē4, ˿Ę(lЦ;˅Ş;Í͂9Ŧ3.]X
ϐĘćǘSÓˋ(l"6³ǥ$m.ȰˇwSˋ.þɜ;̩ɞ, ^l<t
y\y6]X"mM; 2 2;ϐĘćǘɶǄSÓˋ&, ЦSπή&4l"6
˵ō$m.Ē4, ,;ϥG¿ <πήƓΠ;ψǀÖƄ˜98$ml"6ăɁ&
. 
 ,;L8πήϐĘćǘ8lͳĘ^{m5ƌͳ$m4l;924, ģ
̡πή6 Ƌͤίʐ;wʉζSͳ1.̩ɞ,  Ƌͤίʐ;wȧȊ$m. Ƌ
ͤίʐ<, ̲͞£5πήƓΠ;Í͂S Ƌ9Û2L9ΗƮSÝɿ(l^{m5l 
(Kane et al., 2014)ƓΠB;ĿS Ƌ9Û29<, ̲͞£5;ɷ˜;ĘSɰˬ&, ,m
Sˤʇ(lȸĿ9ȺŖ(m=L,;˹̨Ŧˡ6&4, ̲͞еª͚̟9<, ƓΠ;̲͞£
5;m6,;ȸĿSɰý(lɺɵäo14l"6ˬMm4l (Barlow, & Levick, 
1965; Finkelstein, & Grusser, 1965; Grüsser-Cornehls et al., 1963)2=GϐĘ 1 ˽9ʢ.
8Ьψ8ϐĘ5l"6Sΰcm=, ̲͞Kª͚87;Îɼ;˹̨Ŗί5ƌͳ5l
 Ƌͤίʐ<, Ʉ϶˜ć̠;ʱ5Jɍą5l¾;Э;˰̆5<, q^6~h;πή
ϐĘ5J ƋͤίʐˋMm4l"6ŧŅ$m4l (Brighton et al., 2017; Kane et 
al., 2014)¨̂<, ƙŤ;͗ɯĘʻSТͳ9LNπή&, ȑУ(lТͳ<, αÐñÐ;Ę
6ʱ52=GϐĘ6<˔8l,;L8ϔl9JϷoM), 2=G6
Ч6bsjSˋ.ϐĘ5JСÌ&.^{m5ȑУϐĘώͳ$m4lķ͕
ǡ˵$m. 
 ̐µ;ŏ5lЭС<αÐķũǡSɍ(lк<, bsj;ǂϳƌЩ9LNɰ
Ή&.ͳĘƌЩ (˰̆ 3) M, ~x, ^l¨̂6J9, bsjǂϳ9Ɠ(lϐĘƇ͇
ǯ̋(l"6ăɁ&.&&, ,m6ľɄ9Ƈ͇;^{m<¨̂5˔8lķ͕
ǡJ˵ō$m.~x<, ΁΂S¼$), ЦB;͵̈9ÊÐǡǨ΂;tytbSą
ˋ&, bsjSϵ lqXc;Ƈ͇Sͳ14.ķ͕ǡЬ ȸ5, ^l<b
sjí̍6Ц;Í͂S, ΁΂˜9Ȑ8MϐĘ&4."6˵ō$m."mM;
̩ɞ<, ~x;ty\yϐĘćǘÄΘ, į@^l;]XϐĘćǘÄΘ6
ȱĽ(l~x;ty\yϐĘćǘ5<, bsjǂϳǔħǁ9ƓǞ(l"6
<58.I5l ȸ, ˰̆ 1 MͿý$m.^l;]XϐĘćǘ5m
=, ϐĘª9bsjí̍6Ц;Í͂ϷÙS΁΂˜9tc&8MȘμ(l"6
5l 
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 αÐķũǡ;˹̨Ŧˡ<, ~xSƓΠ9&.ï˖̧̀ĜƇ˜ƌЩMɰΉ&. (˰̆ 
4)Ishibashi et al. (2002a, b) <, ^bi;ϒôÔˋƇ͇9ЁÊ&4, ЛЕ϶ʥ9 BDNF 
˚˅(l"6SŧŅ&4lǊΒ;ЛЕ϶ʥЙť<, ͜е͏;΁΂ÐǡǨ΂Ǥŧü
ˇ9Ϸ¦(lЙť5lɓ˰̆ 4 5J BDNF 9˨ˢ&, ˰̆ 3 ;ͳĘΚНǔ;qb
˚˅ϧSǂϳbsjɗÅ6χƵbsjɗÅ (controlɗÅ) 5̓϶ʉζ&.̩ɞ, bs
jǂϳ̓5<, ŵ͚;bsjÐǡǨ΂Ϧ5l n. bas 94, BDNF ;Ь˚˅ϧ
Ϳý$m.BDNF < trkB ĴƏÐ̩@26, ǼćǡÉϓʻΨ5l GABA ;ĴƏÐ5
l GABAA ĴƏÐ;ɺ͕SϹƎ&, ̩ɞ˜9 LTP SÚό(l (Tanaka et al., 1997)2cN, 
jzlķũǡ9Ϸ¦(lqb5l (Poo, 2001) 
 ";L8 BDNF ;Χʒ<, αÐl`;űƏSıɃ&4lķ͕ǡl (Ishibashi 
et al., 2002a, b; Maravita, & Iriki, 2004)αÐl`;űƏ<Ų˜ʻÐ;αÐĜ;
nl6&4, ϒôÔˋSȧl˹̨Ŧˡ5l6͈Mm4l (Maravita, & Iriki, 2004)
˰̆ 4 5ˋ.;<ϒôÔˋ;ŧŅ8~x51., bsjǂϳ9Ê BDNF ;
Ь˚˅ϧ6, ^bi;ϒôÔˋƌЩ6 ͡(l̩ɞǗMm.";̩ɞ<, Э
С9JαÐķũǡƄŞ&, ,"5ąˋ$m4lþƁ^{m<ЎϳС6СÌ&4
l"6S˵ō(l./&, n.bas < ɼǨ΂Ϧ5N, ЎϳС;ЛЕ϶ʥ6<ɺ͕˔8
lʱ9<ʑǧǝ;5lЭС;ŵ͚;ª5, ЎϳС;ЛЕͩ6ɺ͕˜9ƓǞ(lЙť
<,  ųǨ΂Йť5l nidopallium K mesopallium ;ķ͕ǡl, ";Ϳ΅<˰͉̆϶
5ǝ)&J ͡&48.I, »ǔ, $M8lɺ͕΅Ɂǝ;5l (Atoji, & Wild, 2012; 
Shanahan et al., 2013)  
 3 2ˢ;ŏ5lϒôÔˋ;L8ʼʃ8ȖЦͳĘ<, 8lǋǩƇ˜8όĜ9
L14ƌ˅$m4l;к<, ǋǩƻÑƇ˜΅ɜ9LNɰΉ&. (˰̆ 5)̩ɞ, ^y
{V_l;bsj<ɧëĩ, £bsj<ˣ̵˜5, ¤bsj<ƷŢ2í̍Ϝ
£ȸ9ʡɈ&4l6ʼ˔8ǋǩSȊ2"6ăɁ&."mM;ʼǛ<, ϒô;
ƉƋǻȟ, į@ϒôí̍ϜS, ΁ˏʌƷБ9Ȓl"69Ɛ¦&4l"6șƒ$ml
£bsj;ˣ̵ǡ<, be, fb_l9JͿMm., ɧë;ˤƓ˜8Ŷ$, ©
@9£ȸ9ʡɈ&.¤bsj6ʼǛ;̧GĽo*<, ^y{V_l9;GͿý
$m. 
 "mM;ǋΨ<, Ʀ9ˉǢ(lЭС;æĿ6<˔8lƦ9ˉǢ(lЭС<, ŵϾ9ÏH
ЇŘLNJbsjϳ8læĿl (Grant, 1968; Luther, & Greenberg, 2011)c., 
ʸƳ9ÏHЭСJ, ʸȪȯ;Ė˄ǡS£!lϖǞ6&4, ϳbsjϘȀ$mK( 
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(Danner, & Greenland, 2015)lmˢ5<, ϳbsj<, ¤9ʡɈ&4l"6ų 
(Kulemeyer et al., 2009; Matsui et al., 2016)ϳ, ¤9Ɉ1.bsj<, bsjí̍Ϝ
;ϵϴψǀS£!, ŒHĐJŮƶ$ml (Corbin et al., 2015; Soons et al., 2010)&&, Ã£
;L8bsj;ǋǩƇ˜ʼǛ<, )mJ^y{V_l;bsj9<ͿMm8
";ʱ924<ɼ̙5Ν'. 
 
7.2 ЭС;Ǩ΂ϐĘćǘ: ЭС<9αÐǋǩ˜ć̠SîɎ&4l;к 
 ЭС;Ėɞœ5lbsj<, ˧6ЛϜ5 Ð6814ϟ͂$m4lǶ6˧΅
ČƇ˜9ʿ̋&4lЎϳС6<Ɠʵ˜8";αÐǋǩ<, ЭС;ĆϓǻȟϐĘ5l
2=GϐĘS͈l£5, Ϳς*8ʱ5l8+8M, ЭС;2=GϐĘ<, ЛϜ
;ĆϓϐĘ9Ê΁Ϧ;űĘ6αÐ˜ć̠SƂT5l.I5l 
 ~x;2=GϐĘ<, ϐĘª9΁΂S¼$8ty\yǡ"mc5;˰
̆5ǈΛ$m4. (Delius, 1985, LaMon, & Zeigler, 1984)~x;ty\yϐ
Ęćǘ<, ɓΝȳ5J, mЗǞΚН9LN˳Δ$m. (˰̆ 1)";ćǘɶǄ<, ~
x;ȖЦˉǩ5<Ľˇ˜5l~x;­.lȖЦƓΠ<, şБ9ȯŞ(l̂Ɓ87;Џ
ɾʻ5lǖ14, ƓΠʻSπƜ&8M2=GϐĘSυɼÝɿ(lLćǘɶǄS, 
~x<ȖЦ94;ʍ$ml"682=GϐĘ;Ýɿ<, ϐĘǔ;ty
tbSˋm=ğþ5l´ƌ, Shull and Delius (1991) <~xÐǡǨ΂tyt
bS2=Gǔ9ąˋ(l"6SŧŅ&4lɓ˰̆ 3 ;bsjǂϳƌЩ5J, ~x
<΁΂9Ŧ3.ħǁ˜8ϐĘÝɿSͳo), ǂϳ$m.bsjЦB͵̈&."65
ˉ'lÐǡǨ΂ǤŧSąˋ&4l"6˵ō$m, £΋;ΘɁ6ȱĽ(l̩ɞǗMm
.~x2=GϐĘª9΁΂Sąˋ&8"6<, χƵ;2=GϐĘ9Ϸ(lϑĬ
;˰̆94J́Nν&ȋȢ$m4. (Delius, 1985; Goodale, 1983; Theunissen et al., 
2017)~x<, αÐϐĘ9Ê΁΂Ų°6ć̠S, ΁΂;ąˋS2=GϵŽċc5
9ϻƋ&ϐĘª9<ąˋ&8"65΅ʏ&4l6͈Mml 
 ^l;2=GϐĘ9<, ]XϐĘćǘ¼Ş&4l"6ăɁ&. (˰̆ 
1)πήϐĘ94<, ,;L8]XϐĘćǘ< Ƌͤίʐ9LNƌ˅&4
l"6˵ō$m. (˰̆ 2)Ęɷ˜SπƜ(l]XϐĘćǘ<ͽЈ8Έ̗ǝ
;9ǟl,  Ƌͤίʐ9Ŧ3πήϐĘ94, Ęʻ9;ʍ$mlıǞ<̲͞ǁɷ£
;ɷ˜;Í͂S Ƌ9(l"6;G5N, Έ̗˜8Ρͧƙ$´ƌ,  ЭС6ʉζ&
4ƚȰ;˹̨̥͓5ϐĘSώͳ(lȿͱ5J, ";^{mˋMm4l"6ŧ
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Ņ$m4l (Collet, & Land, 1978; Combes et al., 2012; Fabian et al., 2018; Olberg et al., 
2012)͗ɯĘʻ;̲͞еª͚̟94Jɷ˜ʻ;˿ĘSɰˬ&, ͟α;ϐĘB;űȞ9
ıǞ(l˹̨̥͓˚Ϳ$m4lǖ14, 2=GϐĘ6χƵ;ȖЦϐĘ5<, ̲
͞ǁɷ9ĆϓƓΠ;Í͂9Ŧ3., Ė˄˜8^{mSąˋ(l"65, Ǩ΂œ6Ėɞ
œ; Ðǡ6ć̠SîɎ&4l"6șƒ$ml 
 ^l;]XϐĘćǘ<, αÐǂϳ9Ɠ(lħǁ˜8ЗǞMJ˵ō$m. (˰̆ 
3)^l<, bsjǂϳ;ˣǔ",Ц;ǻȟ9ŷȭ&.J;;, 2 ȼˢÃϺ<bsj
Ë@.ϳ$;þ/ ̻T/ЦB;ĆϓɄ϶Sˤʇ(lL, ϵĵqXcSȾIlΛ
̙Sͳ"65, Ц;ĳǗ9ǯđ&4.";L8ɣγ8ϐĘćǘ9<, ͟α;bs
j;í̍6Ц;Í͂Stc&, ,mS΁΂9LNυɼ˜9ɉȷ(l΁΂Ǥŧüˇ
ǝ;5l";L8Ǩ΂ϐĘćǘǝ;8ЭС;ͳĘ<, ϒôÔˋ;¾9ƪÒNȍ
!Mml (Healy et al., 2008; Walsh et al., 20013)ƪÒNͳĘ<, 24<ŜƋ˜ʒĘq
 (fixed action pattern) 6Ƈ͇S¼$8ƋŤ˜8ͳĘ5l6Ϳ8$m4., 
Walsh et al. (2013) <, _q~q] (Ploceus velatus) SƓΠ9, ƪÒN9Ê ϊ;ͳ
ĘSþɜ&.̩ɞ, ŜƋ˜ʒĘq6Ϳ8(9<ƪÒNSɵǯ(lͳĘ;;̢¥΀
Ċ5l"6SͿý&.´ƌ, ƪÒN;Є9<, ϐĘƇ͇B;Ϸ¦ŧŅ$m4l
anterior nidopallium ʒĘ&4l"6, `^sY5ŧŅ$m4l (Feenders et al., 
2008; Hall et al., 2014) 
  &&, ˰̆ 3 5Ϳý$m.^l6~x;bsjǂϳ9Ɠ(l2=GϐĘ;ɣ
γǡ;Ʈ<, ǝ)&JƪÒN6;ϷÙ5ΘɁ5lJ;5<88+8M, ^lJ~x
J, ́ǀ;Ʈ<lJ;;, ¨̂6JƙɟŞT/ƪSÒlM5l";L8ƪSÒ
lͳĘ<, ̢ɕSbsj5ȚG, ˿Ę$*, ϖÿ8Í͂9,mSϟ͂(l6, ϒôÔˋ
6ϥͽ(lϐĘ;;̢9L14ɵǯ$m4l (Hearly et al., 2008) 2cN, ƪÒN;ɠ̧
GMͿl6, "mM;ϐĘ;;̢<~x9J^l9Jäo14l;5l9J
oM)2=GϐĘ;ɣγǡ9Ʈˉ'l;<8+8;/n1 2;ķ͕ǡ6&
4, ~x<ƪÒN9ˋl"mM;ϐĘ;;̢S, ȖЦ9 l2=GϐĘ9δˋ(l"
658, 6ˉǩȳ͖£;ć̠ˉ'4lJ&m8,m6<Ɠʵ˜9, ^
l<2=GϐĘ6ȖЦˉǩ6, Ɔ̙ʼ˔˜8ƪÒN6̽ʅˉǩ6;, ˉǩ£;
ȳ͖9Llć̠SĴ 8"65, bsjí̍6ʻÐ;ϷÙS΁΂˜9Ȑ8Mbs
jSȥÒ(l"65.6͈Mml";L8Ǩ΂ϐĘǤŧüˇ;˔8lȳ͖϶
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5;δˋ<, x;όĜ, ȳĜǋǯ5Jϥ;8ǏďSɞ.&4.6͈Mm4l 
(Mithen, 1996) 
 ˰̆ 4 5<, jzlķũǡ9Ϸ¦(lqb5l BDNF bsjǂϳ9Ê14
˚˅ϧ£ɀ(l"6ăɁ&.BDNF <, ^b;ϒôÔˋΊ̷5J˚˅ϧ;£ɀ
ŧŅ$m4N, αÐl`;ķũǡ6;ϷϊȋȢ$m4l (Ishibashi et al., 2002)
αÐl`<, αÐμã̇϶9 lαÐ;ſęSͷ˅&, ɣγ8ϐĘ;ώͳ9Ɛ¦(l 
(Maravita, & Iriki, 2004)˰̆ 4 5ˋ.;<~x51.~x<˰̆ 1, 3 Sχ'4, 2
=GϐĘ9ɣγǡɻ 4.;9JϷoM), bsjǂϳ9Ɠ&4<ŵ͚5
˹̨˜űĜˉ'4l"6Ϳý$m.αÐl`;ķũǡ<, ħǁ˜2̸̝8
ϐĘćǘ;ȧȊŦˡ5l6͈Mm4<lJ;;, ,m/ 5<8, ˚ˉ˚ϓ9L
NɄ϶S ̶K9űƏ(lαÐ;ŭˏSƋIl.I, ˚ϓSχ'4ɉȷ$m4l 
(Assaiante et al., 2014; Pfeifer, & Bongard, 2006)τ9, αÐl`;ķũǡ͟Ð<, ϒôÔ
ˋÃċ9όĜ$*.Ǥŧüˇɺɵ5lķ͕ǡЬ 
 ϒôÔˋ<, ,mSɵǯ(lϐĘ;̢<2=GϐĘ6Ŧɓ˜9<ľ'5l&&, 
ϒôÔˋ<, ͟α;αÐ5<8ϒôSȥÒ(lʱ94, 2=GϐĘLNJ̸̝8Ǩ
΂ϐĘćǘǝ;5l, ɓ˰̆<, ,mSȧlз2;;ŗ6&4ǋǩƇ˜Ŧˡl
"6S˵ō&.ϒôÔˋ6ʼʃ8ȖЦSϽ6, ^lơ;ȖЦ6bsjǋǩ<
ƑȘ9Ϸo14l"6<, Kulemeyer et al (2009) Ȼ9Ν'4., ͉̑<, ϒôÔˋ6
ʼʃ8ȖЦ9<, KulemeyerM;˚Ϳ9<ĲcM8, $M9ʼʃ8bsjǋǩ;Ŧ
ˡl"6SÕ˵&.^y{V_l;bsj<, ƷŢ2ɧɓŶ, ¤bs
jí̍£ȸ9ʡɈ&4l^y{V_l;, ";L8bsjǋǩ<, bsj
5ǻȟ&.ϒôS£ȸ9Ȋ0£!, ľ̂;Ƽċȸ΁Ϧ6ó9, ċȸ΁Ϧö9ϒôSȒ4
ȥÒS(l6, ΁΂ǡ;ϐĘćǘSÚό&4l6͈Mml (Matsui et al., 2016; Rutz, 
& Clair, 2012; Troscianko et al, 2012)&&, 7.1 ̙5οC.L9, ^y{V_l;b
sj<, χƵ;bsjόĜ6< Ϳ, ˪˥(lǖ14, 7.1 ̙5ΟΝ&., ʋß876
<˔8l;ŗ9L14, ^y{V_l<ʼʃ8bsjǋǩSJ29͠1.;/6͈
Mml 
 ^y{V_lʼʃ8bsjǋǩSJ29͠1.ķ͕ǡ9<,  3 2l6͈M
ml̐ 9ϒôÔˋ9ɍą8ǋΨ6&4ϖǞόĜ&.ķ͕ǡ5lɔɐ9ʫHƺ
ͱ^y{V_l9614­.lqbʣ5l"6S͈ǫ(l6, ϒô9LlȖ
Ц^y{V_l9614ϖǞ˜5l;<Ɂ˛5l (Rutz et al., 2010) ^y{
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V_l;˸í̂<, ¾;^lơ;ųJ2¤9ʡɈ&.bsjS&4N, ƺͱ;
ȑУ9ǝ;8ϒôÔˋ;.I9,;ǋǩŵűĜ&.6ÄΘ5l&&, "
;ÄΘ9<ɻʱl^y{V_l;ȑУƓΠ5l^`j;ƺͱÏHx
YrXbh˼ (Euphorbiaceae) ;ɹɐ<, {^y{VƦ;Şɘ̂5<8";ɐ<, 
̠ 4000 Ƹċ9º϶;ðɮ66J9Ƙð$m.Ųɘ̂5l6͈Mm4l (Rutz, & 
Clair, 2012; Spriggs, 1995)4000Ƹ6ɏ϶<, ¤9ʡɈ&.bsj, Ʒɛ5£9ʡɈ
&.bsjB6ŵ8ǋǩűĜώ!l9<Ʉ϶˜9ˮ(l;5l 
 J 2;ķ͕ǡ<, ^y{V_ll<,;˸í̂, ϒôÔˋ6<˔8lͳĘ
ˉǩ£;ˇˍ5ƷŢ5£9ʡɈ&.bsjǋǩS,J,JȊ14.6ċϖǞÄ
Θ5l (Rutz, & Clair, 2012)ϦŲ΃ƒ5<, ^y{V_lϒôSÔo), bsj
Sɔɐ9Ƿ02 8M̅SȕlͳĘSͳ"6JŧŅ$m4l (Hunt, 2000)^
y{V_l, ϒôÔˋS˃Ǘ(lÃċM, ɐ;ª;ȿͱSȖЦ&4.8M=, ǐ
M;bsj<`uu`6ľɶ9ɐ;ª9ÏHͱSȑУ(l6ȖЦ£;{tsB;ϖ
Ǟ5l;J&m8{^y{VƦ94, ^y{V_l6ȖЦ£;{
ts̎Ľ(l̂˅ˉ̂ƄŞ&8"6<, ";ÄΘ6ȱĽ˜5l (Rutz, & Clair, 
2012) 
 ɋǔ9, bsj;ƷŢ$924<, Ϝþ˜9<ЛϜhXm5ΘɁ$mlJ&m8
Kulenmeyer et al. (2014) ;ǋǩΈʠ5<, ЛϜhXm (l<Ðϥ) ;ŵ8̂D7ʡ
Ɉ&.bsjSȊ0, ƙŤ;̂D7ƷŢ8bsjSä4l"6Ϳý$m.˰
̆ 5 5J, ʡɈ&.bsjSȊ2;<, ~jx_l87ʉζ˜ŵŤ;̂5l";
æĿ9<, bsj6ЛϜЪɨ;ǋǩǋǯ£;ć̠Ϸ¦&4l (Bright et al., 2016; Fritz 
et al., 2014)^y{V_l<, fb_l6©T5, ˰̆ 5 5ˋ.̂;ª5<ʉ
ζ˜ƙŤ8ϜС9<l./&, Ã£; 3 2;ķ͕ǡ<)mJ¶9Ȕ¾˜5<8
ɓ˰̆5˵&."6<c5, ǋǩ£;ʼʃĜͿMml6´ƌ9ˑcl,
m7;L8˚ˉƇ˜όĜ˜Ϊʣ5ǋǯ$m4.;<, »ǔ;˰̆ǝ;5
l 
 ɓ˰̆<, bsj9Ll2=GϐĘ6, x;ĆϓǻȟϐĘ6ɺ͕˜9̒×8
ͳĘ, x6<c1.˔8lαÐɵωSȊ2ЭС59&4ƌ˅$m4l;6
̋͘ʱMý˚&.,;̩ɞ, ~x^l6 2 ̂϶5,;ćǘɺɵ˔8l
"6˵$m.(8o0, ~x<ty\yćǘ, ^l<]Xćǘ6
, ,m-m;̂;ȖЦˉǩ9ϖ&.ϐĘćǘ^{m9L14, Ǩ΂ĴƏœ5l˧6
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Ėɞœ5lbsj; ÐĜ6αÐ˜ć̠SîɎ&4l"6˵$m.ϒôÔ
ˋ≮̝8΁΂ǡϐĘćǘ;ɋ.lÕ5l, ^y{V_l;bsjǋǩ;ʉζ
΅ɜ9L14, ΁΂ǡϐĘćǘSÚό(lL8ǋǩƇ˜Ŧˡ¼Ş(lɁM981
.&&, αÐ;ǋǩ9Ǩ΂ǤŧüˇSÚό&4l;, l<αÐͷΠ;ķ
ũǡαÐ,;J;;ǋǩ9ć̠$ml;61., Ǩ΂Ǥŧüˇ6αÐǋǩ;ˤ¶Ò
ˋ924<Ƌǡ˜8ΟΝ9ˑc1.Ǩ΂ϐĘćǘ94ϐĘ6αÐǋǩ¶97
;L8Úόć̠ϷÙ9l;<, αÐǡΔˬ˼Ƈ6&4;$M8lƌΏ˜8ͳĘ˰
̆ǝ;5lɓ˰̆<, $M9, "mc5ЭС5<ñ΅Ɂ$m481.αÐǂϳ
9Ɠ(lϐĘƇ͇;˹̨ŦˡS, ~x;G5l, ĂI4ɁM9&. 
 "mMɓΝȳ;˰̆5<, ЭС;ȖЦͳĘ9 lǨ΂ϐĘćǘ6,;˹̨Ŧˡ, ©@9
ǋǩƇ˜Ŧˡ;΅ɁSΑG.ЭС;2=GϐĘ<xSłHЎϳС;ĆϓϐĘ6ǻȟ
ϐĘ6ɺ͕˜9СÌ(lͳĘ5l, ñ˔8lαÐǋǩ5ƌͳ$ml,;αÐǋǩ
£;ć̠;îɎ<, ̂϶5˔81.ϐĘćǘɶǄ, ©@9ǋǩƇ˜8ʼǛ9LNƌ˅$m4
l"6ɁM981.ɓΝȳ;ͳĘƌЩM, ̂϶5óχ&.ty\y
ćǘ;΁΂ǡϐĘćǘ, ©@9^l9 l]XϐĘćǘ6, 2 2;˔8lć
ǘɶǄ;̂ƮͿý$m.^y{V_l;bsj<, ǚ̥8]XϐĘćǘ
S;(lϒôÔˋ94, ΁΂ǡćǘSÚό(lǋǩ6814l"6ăɁ&.Ã
£;˰̆M, Ęʻ;ȖЦͳĘ;͒ǔ9l, ̂óχ;Īˇ6̂ʼ˔8ĪˇSȜý("6
9, Ϝþ˜95m, ǯđ&.L9ǟ 
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